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ABSTRACT 

This is the first of two papers reporting measurements from a program to determine 
the Hubble constant to ~5% precision from a refurbished distance ladder. We present 
new observations of 110 Cepheid variables in the host galaxies of two recent Type 
la supernovae (SNe la), NGC 1309 and NGC 3021, using the Advanced Camera for 
Surveys on the Hubble Space Telescope (HST). We also present new observations of the 
hosts previously observed with HST whose SNe la provide the most precise luminosity 
calibrations: SN 1994ae in NGC 3370, SN 1998aq in NGC 3982, SN 1990N in NGC 
4639, and SN 1981B in NGC 4536, as well as the maser host, NGC 4258. Increasing 
the interval between observations enabled the discovery of new, longer-period Cepheids, 
including 57 with P > 60 days, which extend these period-luminosity (P-L ) relations. 
We present 93 measurements of the metallicity parameter, 12 + log[0/H], measured 
from H II regions in the vicinity of the Cepheids and show these are consistent with solar 
metallicity. We find the slope of the seven dereddened P-L relations to be consistent 
with that of the Large Magellanic Cloud Cepheids and with parallax measurements 
of Galactic Cepheids, and we address the implications for the Hubble constant. We 
also present multi-band light curves of SN 2002fk (in NGC 1309) and SN 1995al (in 
NGC 3021) which may be used to calibrate their luminosities. In the second paper we 
present observations of the Cepheids in the H band obtained with the Near Infrared 
Camera and Multi-Object Spectrometer on HST, further mitigating systematic errors 
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along the distance ladder resulting from dust and chemical variations. The quality 
and homogeneity of these SN and Cepheid data provide the basis for a more precise 
determination of the Hubble constant. 

Subject headings: galaxies: distances and redshifts — cosmology: observations — cos- 
mology: distance scale — supernovae: general 



1. Introduction 



The most accurate method to measure the Hubble constant, Hq, in the low-redshift Universe 
has been to meld the Type la supernova (SN la) and Cepheid distance scales through Hubble 
Space Telescope (HST) observations of Cepheid variables in SN la host galaxies within ~ 20 Mpc. 
Having extremely high and moderately uniform luminosities, SNe la are the most precise distance 
indicators known for sampling the present expansion rate of t he Universe. Methods which use 
the relationship between SN la light-curve shape and luminosity (Phillips! 1993 : Hamuy et al.lll995l . 



1996 



Riess et al. 



1995, 



1996a 



1998; 



Perlmutter et al 



const rain absorption by dust (jRiess et al.lll996bl : iPhillips et al 



1997 



Saha et al 



1999 



200 1 [) and supernova color to 



Guv et al.ll2005l : IWang et al 



2009) yield distances with relative precision approaching 5% if applied to modern photometry. The 
~100 high-quality, modern SN la light curves currently published in the redshift range 0.01 < z < 
0.1 establish the relative expansion rate to an unprecedented uncertainty of <1% (i.e., internal 
statistical error; Jha, Riess, Kirshner 2005). Yet because SNe la are a secondary distance indicator, 
the measurement of the true expansion rate is seriously limited by the few opportunities to calibrate 
their peak luminosity. 



The SN la HST Calibration P rogram (jSaha et al 



Key Project (jFreedman et al 



2001 



2001 



Sandage et al.1 12009 1 and the HST 



calibrated Hq via Cepheids and SNe la using Wide Field and 
Planetary Camera 2 (WFPC2). These measurements resolved decades of extreme uncertainty 
about the scale and age of the Universe. However, despite a great amount of careful work, the final 
estimates of Hq by the two teams differ by 20% and the overall uncertainty in each estimate has 
proved difficult to reduce to 10% or less. The bulk of this can be traced to systematic uncertainties 
among the many steps on the path to determining the luminosity of SNe la and to the known 
inaccuracy of the SN la calibration sample. 

The use of the LMC as the anchor in the Key Project distance ladder presents specific challenges 
which result in several sources of systematic uncertainty if used for calibrating SNe la with Cepheids. 
The LMC distance is known to only 5% to 10% and its Cepheids, all observed from the ground, are 
of shorter mean period (< P > ~ 5 d) and lower metallicity than those found in the spiral galaxies 
that host SNe la beyond the Local Group. These mismatches propagate unwanted uncertainties 
to the measurement of the Hubble constant from the use of imperfectly known relations between 
Cepheid luminosity, metallicity, and period. The use of distance estimates to Galactic Cepheids as 
anchors by the HST Calibration Program also presents stiff challenges as discussed in §5. 
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Additional systematic uncertainties in both teams' measurements of Hq result from the pho- 
tometric idiosyncracies of the WFPC2 camera and the unreliability of those nearby SNe la which 
were photographically observed, highly reddened, atypical, or discovered after maximum brightness. 
Only three SNe la (SNe 1990N, 1981B, and 1998aq) were free from these aforementioned shortcom- 
ings, making ideal SNe a minority of the set used for calibrating Hq with WFPC2 (see Table 1). 
The use of many unreliable calibrators was necessitated by the limited reach of WFPC2, defining 
a volume within which Nature provides a suitable SN la only once every decade. 



The installation of the Advanced Camera for Surveys (ACS; iFord et al.ll2003l ) on board HST 
provided an important improvement in the optical imaging capabilities of the observatory. In 
regards to the distance ladder, the improved resolution and sensitivity of ACS extended the reach 
of HST Cepheid observations to about 35 Mpc, tripling the enclosed volume and the available 



number of potential calibrators of SNe la since the WFPC2 era. In Cycle 11 we (IRiess et al.1 12005) 
used ACS to measure Cepheid variables in the host of an ideal calibrator, SN 1994ae, situated 
in this extended volume. Two more opportunities to augment the very small, modern sample of 
calibrated SNe la are presented by SN 1995al in NGC 3021 and SN 2002fk in NGC 1309. These SNe 
la were discovered well before their maxima and were observed with the same UBVRI passbands 
and equipment we employed to measure the SNe la that help define the Hubble flow. These SNe 
la present two of the most complete photometric records ever of any SNe la (see §4). Calibration 
of Hq from SN 1995al and SN 2002fk would add only the fifth and sixth reliable SN la to Table 
1 and, more importantly, only the second and third to use the more reliable and advantageous 
photometric system of ACS. 

By replacing previous anchors of the distance scale with the "maser galaxy" NGC 4258 we 
can also wring additional precision for the Hubble constant. First, the distance to the masers has 
been measured geometrically to unprecedented precision for an extragalactic source (Herrnstein 
et al. 1999, Humphreys et al. 2005, 2008,2009). NGC 4258 also has the largest extragalactic 
set of long-period Cepheids observed with HST (Macri et al. 2006) Furthermore, we could bypass 
uncertainties in the determination of the photometric system zeropoints from the ground and space, 
and in the functional form of the period-luminosity (P-L ) relation, because we would only need 
to determine the relative magnitude offset between each galaxy's set of Cepheids. To maximize 
this advantage we may also reobserve the hosts of nearby SNe la already observed with WFPC2 
to place their Cepheids on the same photometric system and to find additional Cepheids whose 
periods would have been greater than the length of the WFPC2 campaigns. Lastly, the metallicity 
of the spiral hosts of Cepheid-calibratable SNe la is much more similar to that of NGC 4258 than 
to that of the LMC, reducing the overall dependence of Hq on metallicity corrections. Ultimately, 
the improved precision in Hq gained from a reduction in rungs on the distance ladder using NGC 
4258 will be limited by the number of SN la hosts calibrated by ACS (due to the intrinsic scatter 
of SN la magnitudes). 

In §2 we present the observations of (a) Cepheids in the new SN hosts, (b) new, longer period 
Cepheids in the previously observed hosts, and (c) measurements of the metallicities in the vicinity 
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of the Cepheids. The light curves of the SNe la are presented in §3. In §4 we describe the va lue of 



these data for the distance scale, a task undertaken in a companion paper ([Riess et al.l l2009) 



Table 1: SN la Light Curves with HST Cepheid Calibration 



SN la 


Modern photometry? 6 


Low reddening?" 


Observed before max? 


Normal 


Ideal? 


1895B fc 


No 


Unknown 


No 


Unknown 




1937C 6 


No 


Yes 


Yes 


Yes 




1960F b 


No 


No 


Yes 


? 




1972E b 


Yes 


Yes 


No 


Yes 




1974G 


No 


No 


Yes 


? 




1981B b 


Yes 


Yes 


Yes 


Yes 


V 


1989B b 


Yes 


No 


Yes 


Yes 




1990N b 


Yes 


Yes 


Yes 


Yes 


V 


1991T b 


Yes 


Yes? 


Yes 


No 




1994ae c 


Yes 


Yes 


Yes 


Yes 


V 


1995al d 


Yes 


Yes 


Yes 


Yes 


V 


1998aq c 


Yes 


Yes 


Yes 


Yes 


V 


1998bu 


Yes 


No 


Yes 


Yes 




1999by 


Yes 


Yes 


Yes 


No 




2002fk d 


Yes 


Yes 


Yes 


Yes 


V 



a A v < 0.5 mag. 

Calibrated by the Sandage/Tammann/Saha collaboration. 
Calibration presented by Rie ss et al. (2005). 
^Calibration first presented in this paper. 
e CCD or photoelectric, not photographic. 



2. Cepheid Observations 



The average of a small sample may be significantly impacted by a moderate systematic error 
among one of its members. Therefore, it is essential that each SN la in the calibration sample 
have a reliable photometric record which is accurate and comparable to those of the SNe la used to 
measure the Hubble flow. To d e fine a reliable calibration sample we use the criteria for inclusion 
of a SN la given bv lRiess et al.l (|2005l ): (a) modern data (i.e., photoelectric or CCD), (b) observed 
before maximum brightness, (c) low reddening, and (d) spectroscopically typical. In addition, their 
hosts must be suitable targets for observations by HST of their Cepheids, which requires a relatively 
face-on, late-type host within ~ 35 Mpc. 

The recent SN 1995al in NGC 3021 and SN 2002fk in NGC 1309 provide two valuable additions 
to the small calibration set (shown in Table 2). The SN data are described in §4, but both are ideal 
candidates by the previous criteria and their magnitudes indicate distances of 30-35 Mpc. The 
host galaxies are moderately sized (1.5' x 1.5' and 2.0' x 2.2', respectively), face-on Sbc galaxies, 
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Table 2: Optical Observations of SN la Calibration Sample 



Host 



SN la Initial campaign Reobservation 



NGC 
NGC 
NGC 
NGC 
NGC 
NGC 



4536 
4639 
3982 
3370 
3021 
1309 



SN 1981B 
SN 1990N 
SN 1998aq 
SN 1994ae 
SN 1995al 
SN 2002fk 



WFPC2 
WFPC2 
WFPC2 
ACS 
ACS 
ACS 



WFPC2 
ACS 
ACS 
ACS 
ACS 
ACS 



each fitting well within the ACS WFC field of view as shown in Figures 1 and 2. 

In Cycle 14 (2005-2006, GO-10497) we observed NGC 1309 and NGC 3021 for 12 epochs of 
4800 s each with ACS WFC F555W using a power-law spacing of intervals designed to reduce 
period aliasing up to the full monitoring duration of 52 d. We also observed each host at 5 epochs 
with F814W for 4800 s each. The telescope position and orientation were fixed for each host and 
a four-position dither (noninteger shift of 4.5 pixels in each detector coordinate) was performed to 
better sample the point-spread function (PSF) in the median image. 

In Cycle 15 (2006-2007, GO-10802) we reobserved NGC 1309 and NGC 3021, as well as 
the other four hosts in the calibration sample of Table 2 at two epochs using ACS and F555W 
(each F555W observation was separated by ~ 10 d) to constrain the phase of the Cepheid light 
curves for subsequent infrared (IR) observations with the Near Infrared Camera and Multi-Object 
Spectrometer (NICMOS; Riess et al. 2009) and to aid in the identification of Cepheids with 
P > 60 d which were beyond the interval of the initial, contiguous campaigns[j] Logs of the 
exposures for NGC 3021 and NGC 1309 are given in Tables 3 and 4, respectively. 



2.1. ACS Photometry 



For the four hosts with extensive ACS measurements NGC 1309, NGC 3021, NGC 3370 and 
NGC 4258, the data from programs GO-9810 (P.I. Greenhill), GO-9351 (P.I. Riess), GO-10497 
(P.I. Riess), an d GO-10802 (PL Riess) were retr ieved from the HS T archive. While ACS data 
for NGC 3370 (bless et al.ll2005h and NGC 4258 (|Macri et alJbood ^ were previously analyzed to 
identify Cepheids, the acquisition of the two new epochs of ACS imaging in program GO-10802, 
better calibration data, and the need for a homogeneous reduction process for the comparison of 
Cepheid magnitudes necessitated new data reductions undertaken here. 



The data retrieval from the Space Telescope Science Institute (STScI) MAST archive made 



^he Cycle 15 observations of NGC 4536 were obtained with WFPC2 due to the failure of ACS in February, 2007. 
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Table 3. Log of Observations for NGC 3021 



Epoch MJD at mid exposure* 



it 


V 


T 


01 


3686.0407 


3686.1735 


02 


3686.1066 


3686.2398 


03 


3696.4242 




04 


3696.5566 




05 


3704.6240 


3704.7597 


06 


3704.6929 


3704.8261 


07 


3708.7942 




08 


3708.8564 




09 


3712.7275 




10 


3712.7894 




11 


3715.7923 




12 


3715.8559 




13 


3716.7919 


3716.9227 


14 


3716.8555 


3717.0197 


15 


3718.8569 




16 


3718.9211 




17 


3721.9208 




18 


3722.0161 




19 


3725.7835 


3725.9159 


20 


3725.8488 


3726.0127 


21 


3730.5123 




22 


3730.5778 




23 


3737.5724 


3737.7050 


24 


3737.6380 


3737.7712 


25 


4058.9217 




26 


4066.7134 





*: JD-2450000.0 
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Table 4. Log of Observations for NGC 1309 



Epoch MJD at mid exposure* 



it 


V 


T 


01 


3588.6856 


3588.8192 


02 


3588.7523 


3588.8856 


03 


3599.9153 




04 


3599.9797 




05 


3606.7768 


3606.9082 


06 


3606.8411 


3606.9744 


07 


3609.9078 




08 


3609.9723 




09 


3615.5304 




10 


3615.6030 




11 


3616.9033 




12 


3617.0008 




13 


3618.5021 


3618.6347 


14 


3618.5676 


3618.7009 


15 


3620.9007 




16 


3620.9992 




17 


3623.9338 




18 


3624.0679 




19 


3629.7599 


3629.9226 


20 


3629.8252 


3630.0626 


21 


3633.3574 




22 


3633.4228 




23 


3640.4216 


3640.5530 


24 


3640.4859 


3640.6192 


25 


4015.3368 




26 


4032.5923 




*: JD-2450000.0 
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use of the most up-to-date calibration as applied by the software suite calacs in "pyraf." Epoch- 
by-epoch photometry for all stellar sources identified in a master, composite image was measured 
for the images obtained in F555W an d F814W using the DAOPHOT§ s et of routi nes following 



the pr ocedures given by IStetsonl (|1994l ) , IStetson et al.l (|1998l ) , iRiess et al.l (|2005l ) , and iMacri et al 



(|2006l ). Magnitudes from PSF fitting were initially measured to include the charge within 0.5" radius 
apertures. These natural-system magnitudes for each candidate Cepheid at each observed epoch 
are given in Tables 5 and 6, evaluated as 2.5 log(e/s) — CTE + 25.0, where e/s is the measured 
flux (electrons per seco nd) and CTE (charge transfer efficiency) is the magnitude loss given by 
Chiaberge et al. I (|2009l ) for a star as a function of observation date, pixel position, brightness, and 
background. The median uncertainty for an individual Cepheid magnitude in an epoch was 0.09 



mag. 



We selected Cepheids following the methodology outlined by IMacri et al.l ([200a) • Initially, 
Cepheid candidates were identified from the time- sampled data by selecting all stellar sources 
with a modified Welch/Stetson variability index J$ (|Stetsonlll996l ) in excess of 0.75 and that were 
detected in at least 12 of the 14 epochs of F555W data. These candidates were then subjected 
to a "minimum string-length analysis," which identified as likely peri ods those that mini mized the 
sum of magnitude variations for observations at similar trial phases (jStetson et al.lll998f ). Robust 
least-squares fits were then performed in the two b a nds, comparing the single-epoch magnitudes 
to template Cepheid light curves from lStetson et al.l (|1998l ). where six parameters representing (1) 
period, (2) l/-band amplitude, (3) /-band amplitude, (4) epoch of zero phase, (5) mean magnitude 
in V, and (6) mean magnitude in / were free, but the shape of the light curve was a unique 
function of the assumed period. Finally, one of us (L.M.M.) applied experienced judgement in a 
visual comparison of the data to the best-fit Cepheid model, rejecting unconvincing candidates 
(approximately 10%). The criteria used to settle on the final set were (a) how well the light-curve 
sampling was distributed in phase, (b) the appearance of the characteristic rapid rise and slow 
fall of the light curve, and (c) the proximity of the amplitudes and colors to the exp ected range 



This s ame partially subjective process was compared to a purely numerical selection bv lRiess et al 



(|2005l ) for the Cepheids in NGC 3370, resulting in small differences in Cepheid-list membership, 
and less than 0.04 mag difference in the intercept of the P-L relation. When the optimum fit had 
been achieved, the fitted light curves were converted to flux units and numerically integrated over 
a cycle to achieve flux- weighted mean apparent brightnesses in each bandpass; these were then 
converted back to magnitude units. 

The photometric zeropoints (the magnitudes resulting in 1 electron s -1 in an infinite aper- 
ture) for our ACS magnitudes were obtained using the Vegamag system (i.e., Veg a = mag in 



all passbands). The official STScI ACS zeropoints were revised from those given bv lSirianni et al 



2 Past co mparisons of photom e try with the popular PSF fitting tools DoPH OT, DAOPHOT |Stetsonlll987f ). and 
HSTphot bv lGibson et al.l |200oh . lLeonard et al.l (|2003h . and lSaha et all |200lf ) show that the mean difference in HST 
photometry obtained with these packages is not significant. 
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(|20Q5h . and as of the beginning of 2009 have values of F555W = 25.744 and F8UW = 25.536 
for data obtained before 2006 July 4 when ACS operated at -77 C, and F555W = 25.727 and 
F814W = 25.520 after that date when ACS operated at —81 C. These are based on an empirical 
measurement of the system throughput at all wavelengths us ing the known spectral energy distri- 



bution of five white dwarfs. This approach is similar to that of lHoltzman et al 



(jl995h for WFPC2§ 



The PSF magnitudes in Tables 5 and 6 were extended fro m the 0.5" radius aperture to infinity 
using the aperture corrections given by lSirianni et al.l ([2005J) of 0.092 and 0.087 mag in F555W and 
^814^, respectively. The natural-system magnitudes were converte d to the Johns o n sys tem (for 
ease of comparison to non-HST Cepheid data) using the formulae in ISirianni et al.l (|2005l ). Thus, 
the natural-system magnitudes in Tables 5 and 6 with zeropoint 25.0 are converted to the Johnson 
system using the transformations 



V = F555W + 0.744 - 0.092 - 0.054(V - I), 
I = F8UW + 0.536 - 0.087 - 0.002(1/ - I). 



(1) 
(2) 



This transformation is performed during the simultaneous fitting of the V and / light-curve tem- 
plates to interpolate the V — I color at epochs when only F555W was measured. 



3 The Key Project zeropoin t is based on matching HST photometry of globular cluste rs (including 47 T uc) to 
ground-based data obtained bv lStetsonl (I200C ) on 22 n i ghts f rom 12 distinct observing runs. iRiess et al. (2005) found 
that the ACS phot ometric zeropoi nts of lSirianni et all (|2005l '). F555W = 25.704 mag and F8UW = 25.492 mag, and 
those based on the IStetsonl (|2000l ) system are quite consistent, with a mean difference of 0.015 mag in V and 0.026 
mag in / for 250 calibrating stars in 47 Tuc. 
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Table 5. Cepheid photometry in NGC 3021 



# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 




31556P = 


11.18 d 


30672P = 


13.93 d 


08621P = 


15.38 d 


08102P 


18.71 d 


1 


26.841(189) 


26.382(185)* 


27.381(323) 


26.677(182) 


26.195(166) 


25.881(145) 




25.904(148) 


2 


26.822(218) 


26.807(199) 


07 o-i o / "i nn\ 

27.218(199) 


O^ 1 7Afl/OA/ l \ 

26.799(206) 


o/"* onn/-i "i rA 

26.390(115) 


25.942(135) 


o {• ono/"ino\ 

26.398(108) 


o {• -iin/ioo\ 

26.110(122) 


3 


27.399(285) 




26.600(165) 




27.078(237) 








4 


26.981(188) 




26.750(152) 




26.742(190) 




26.845(168) 




5 


26.576(137) 


,-k/-i f A o / OT A \ 

26.543(274) 


27.297(236) 


O C OOn/lOl\ 

26.820(181) 


26.614(183) 


or" 71n/"lo/^^ 

25.719(136) 


o { • ^or/171^ 

26.625(171) 


o {• nr"/^/ono\ 

26.056(203) 


6 


26.708(207) 


27.024(332)^ 


27.298(282) 


o r' or"/i/ior"\ 

26.854(185) 


26.592(178) 


O {• A1 1 /1 O/l^ 

26.011(124) 


26.144(149) 


o / ■ -| on / 1 1 7\ 

26.189(117) 


7 
8 


27.227(371) 
27.754(361) 




26.593(132) 
26.632(074) 




27.004(190) 

o {• O7n/ooo\ 

26.870(228) 




26.213(248) 

o / ■ r" jo/"! Ozi\ 

26.543(184) 




9 


r\ r< o o "l /oon\ 

26.831(220) 




OT "1 O •! / O O 7\ 

27.134(337) 




26.881(266) 




27.108(361) 




10 


26.401(119) 




27.175(176) 




O f 71 A / ' "1 r* 7^ 

26.714(157) 




07 1 1 

27.116(242) 




11 


26.619(172) 




H7 071 / o n n \ 

27.871(309) 




26.337(133) 




07 noi /on /i \ 

27.021(294) 




12 


26.514(113) 




27.663(252) 




26.203(108) 




27.012(191) 




13 


2o.851(2ol) 




07 O O O / O O n \ 

27.238(220) 


27.041(300) 


<^it~- a o i /i nn\ 

2o. 481(199) 


25.949(179) 


07 1 Ol /007\ 

27.131(287) 


o/; - rron/01 cr ^ 

2o. 539(215) 


1 A 

14 


OC 70Q/071 

zb. (oo{Z( 1) 


20. 592(2/0) 


2/.o49(389J 


20.889(101 ) 


2o.Uo4(loo ) 


nr r\A A /i q a \ 

2o.y44(134) 


2/. 180(312) 


o^ /ioc;/ r >nn\ 
2o. 485(290 ) 


15 


2o.9oo(2/o) 




f)C TIT ( -\ A A\ 

20. 761 (144 j 




2o.o8U(14o ) 




07 /I 1 a / Q '70\ 

2 /.41o(3 ( z) 




16 






f)/? CTQ / 1 n A \ 

20. o (8(104) 




2o.o4U(1oo ) 




07 qoi /oc:o\ 
2 / .321(202 ) 




17 


26.872(220) 




26.223(133) 




26.731(223) 




26.673(161) 




18 


27.396(250) 




n/" 1 o tr rr / 1 n rr \ 

26.355(105) 




A A G f 1 7l\ 

26.448(172) 




or; nno/nnrr\ 

25.993(095) 




19 


26.103(110) 


26.292(133) 


26.843(148) 


26.567(115) 


27.327(363) 


26.289(214) 


26.601(175) 


26.076(136) 


20 


o/"' -I on/ "i rrn\ 

26.139(150) 


n/" 1 oirr/ino\ 

26.315(193) 


26.730(212 ) 


o / ' /inn/ 1 nn\ 

26.409(129) 


26.561(189) 


26.598(220) 


26.767(147) 


n/^o/i --I \ 

2o. 002(144) 


21 


26.662(278) 




20.788(193) 




2o. 205(184) 




o/; - rr7n/onrr\ 

2o. 570(205) 




22 






2/. 353(23/) 




2o.ooo(loo ) 




o^ 7n\ 
2o.99o(l (9 ) 




23 




2o. 324(180) 


n/" 1 /ill / 1 rr -i \ 

20.411(151) 


o / ' /ion/ioo\ 

20.429(133) 


27. 314(338) 


o ooo/oncr\ 

2o. 223(205) 


o 7 o 1 rr / 1 70 \ 

27.215(172) 


2o. 770(201) 


24 


2o.Do2(121 J 


20.3oo(loOJ 


07 nnn/ 1 qc\\ 
2/ .000(180) 


oi^ not; / 1 a r\\ 
20.280(140) 


i)7 onn/Qi^c;\ 
2 ( .20y(3oo ) 


2o.lo3(lo5) 


2 / .4oo(228 ) 


0(^ /I /I T'/noc \ 

2o.44/(23o) 


25 


o/"' 7no/ntrn\ 

26.798(252) 




n/" 1 non/n/" , n\ 

26.930(269) 




26.720(342) 




o/; - ioi/Ozin\ 

2o. 181(249) 




26 


07 rr-in/om\ 

27.510(391) 




07 nnn/o,icr\ 

27.090(345) 




26.601(256) 




0£' n rr n / o o rr \ 

26.950(325) 






20774P = 


20.39 d 


10786P = 


21.16 d 


47390P = 


21.84 d 


33607P = 


23.14 d 


1 


26.427(141) 


or oni/ioo\ 

25.821(183) 


f\f C\C\ f 1 7n\ 

26.590(179) 


or" oon/ior"\ 

25.882(125) 


26.292(189) 


or" m r/i n \ 

25.915(151) 


26.733(116) 


o / ■ Oi^n/i r"o\ 

26.360(152) 


2 


26.349(157) 


25.704(100) 


26.658(188) 


25.678(117) 


26.178(118) 


25.662(134) 


27.329(359) 


26.750(181)* 


3 


26.099(123) 




26. /3/(145) 




26.6 /6(128 ) 




26. 1 43(208 ) 




4 


26.322(132) 




27.291(294) 




26.577(164) 




26.391(143) 




5 


26.850(214) 


26.140(181) 


26.392(106) 


26.056(185) 


26.711(171) 


25.925(166) 


27.066(173) 


26.446(181) 


6 


26.533(167) 


26.034(194) 


26.569(152) 


25.866(172) 


27.073(250) 


26.096(165) 


27.059(250) 


26.477(156) 


7 

8 


25.777(114) 
25.770(116) 




26.686(176) 
26.819(186) 




26.273(131) 
26.139(097) 




27.111(193) 
27.160(225) 




9 


25.958(130) 




27.281(294) 




26.267(112) 




26.431(181) 




10 


25.989(150) 




26.880(175) 




26.378(177) 




26.517(160) 




11 


26.131(127) 




27.315(326) 




26.749(189) 




26.520(094) 




12 


26.113(190) 




27.177(317) 




26.573(189) 




26.246(114) 




13 


25.931(091) 


25.698(123) 


27.244(332) 


26.259(175) 


26.639(219) 


26.128(224) 


26.308(145) 


25.972(098) 


14 


26.214(125) 


25.588(100) 


27.034(204) 


26.031(166) 


26.563(150) 


26.037(167) 


26.422(200) 


25.953(107) 


15 


26.212(139) 




26.738(167) 




26.480(210) 




26.870(206) 




16 


26.223(170) 




26.653(134) 




27.133(243) 




26.643(112) 




17 


26.207(232) 




26.241(107) 




27.147(338) 




26.762(161) 




18 


26.871(276) 




26.069(144) 




26.606(223) 




26.720(148) 
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Table 5 — Continued 



4L 
Tr 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


19 


26.463(168) 


25.909(175) 


26.574(183) 


25.818(095) 


27.102(338) 


26.246(173) 


26.966(202) 


26.371(094) 


20 


26.531(170) 


26.327(162) 


26.254(105) 


25.541(144) 


26.792(194) 


26.245(299) 


26.708(105) 


26.221(103) 


21 


25.676(088) 




27.097(219) 




26.112(130) 




27.313(182) 




22 


25.692(127) 




26.621(144) 




26.321(178) 




27.070(207) 




23 


25.955(121) 


25.559(109) 


27.115(256) 


26.016(166) 


26.478(133) 


25.823(157) 


26.267(095) 


25.910(089) 


24 


26.157(166) 


25.921(116) 


26.833(330) 


26.269(227) 


26.426(142) 


25.660(232) 


26.090(108) 


25.920(096) 


25 


25.806(128) 




26.275(182) 




25.896(128) 




26.572(314) 




26 


26.451(229) 




26.785(379) 




26.498(185) 










32375P = 


24.02 d 


08636P = 


24.36 d 


32380P = 


25.18 d 


32088P = 


25.78 d 


1 


26.158(059) 


25.689(121) 


26.586(139) 


25.825(164) 


26.736(212) 


25.861(091) 


27.179(229) 


26.010(119) 


2 


26.311(168) 


25.773(144) 


26.710(201) 


25.804(162) 


26.686(113) 


25.809(120) 


27.158(276) 


26.065(138) 


3 


27.245(174) 




25.977(111) 




25.841(061) 




26.308(097) 




4 


26.929(174) 




26.144(114) 




25.846(064) 




25.956(148) 




5 


26.938(299) 


25.984(108) 


26.343(140) 


25.830(137) 


26.476(179) 


25.885(084) 


26.656(136) 


25.591(111) 


6 


26.507(171) 


26.207(106) 


26.398(156) 


25.857(116) 


26.634(226) 


26.384(145)* 


26.651(172) 


25.673(127) 


7 

8 


26.061(102) 
26.065(123) 




26.709(234) 
26.581(171) 




26.341(145) 
26.555(242) 




27.113(190) 
26.761(173) 




9 


26.324(122) 




26.574(172) 




26.623(197) 




27.390(317) 




10 


26.708(116) 




26.786(228) 




26.686(128) 




26.499(229) 




11 


26.587(112) 




25.942(139) 




26.052(098) 




27.373(255) 




12 


26.760(231) 




26.154(119) 




26.021(111) 








13 


26.485(133) 


26.069(099) 


25.850(093) 


25.425(131) 


25.635(105) 


25.296(118) 


27.096(277) 


26.285(163)* 


14 


26.246(135) 


26.084(125) 


25.973(154) 


25.469(074) 


25.586(085) 


25.220(079) 


26.831(230) 


25.895(073) 


15 


26.955(138) 




25.715(094) 




25.571(129) 




25.873(142) 




16 


26.846(194) 




25.752(138) 




25.556(066) 




26.026(139) 




17 


27.359(348) 




25.994(138) 




25.852(134) 




26.389(106) 




18 


27.578(345) 




26.043(124) 




25.932(076) 




26.137(105) 




19 


27.362(196) 


26.397(166) 


26.222(219) 


25.653(138) 


26.029(103) 


25.473(112) 


26.445(158) 


25.795(106) 


20 


26.973(217) 


26.608(205) 


26.130(144) 


25.484(133) 


26.131(100) 


25.621(095) 


26.627(173) 


25.549(106) 


21 


26.477(114) 




26.472(160) 




26.344(111) 




26.714(145) 




22 


26.460(166) 




26.543(231) 




26.414(095) 




26.638(217) 




23 


26.720(141) 


25.934(086) 


26.610(152) 


26.039(184) 


26.600(155) 


26.099(183) 


27.154(259) 


26.008(099) 


24 


26.704(245) 


25.695(081) 


26.474(236) 


26.254(275)* 


26.602(126) 


25.881(091) 


26.978(230) 


26.052(167) 


25 






25.636(159) 




26.438(197) 




26.282(252) 




26 


26.412(296) 




26.186(208) 




26.443(306) 




26.751(342) 






26946P = 


26.84 d 


09028P = 


31.90 d 


23149P = 


32.53 d 


30428P = 


32.61 d 


1 


26.398(158) 


25.499(065) 


25.256(079) 


24.965(066) 


25.527(084) 


25.135(094) 


26.108(083) 


25.482(082) 


2 


26.790(230) 


25.743(117) 


25.248(069) 


24.888(079) 


25.723(092) 


24.873(068) 


26.015(076) 


25.315(072) 


3 


26.221(105) 




25.877(108) 




26.344(102) 




26.537(103) 




4 


26.366(157) 




25.804(066) 




26.111(128) 




26.664(142) 




5 


25.885(090) 


25.253(078) 


25.989(130) 


25.498(082) 


26.753(106) 


25.747(116) 


25.395(064) 


25.179(073) 


6 


26.078(136) 


25.649(109) 


25.927(086) 


25.476(109) 


26.604(166) 


25.414(113) 


25.478(051) 


25.212(055) 


7 

8 


26.128(123) 
26.153(170) 




26.280(147) 
26.158(098) 




26.317(174) 
26.236(195) 




25.755(086) 
25.733(087) 




9 


26.442(180) 








25.537(046) 




25.860(073) 




10 


26.476(162) 




26.083(092) 




25.439(091) 




25.541(133) 
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4k 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


11 


26.654(141) 




25.209(060) 




25.577(069) 




25.981(100) 




12 


26.691(155) 




25.189(062) 




25.559(090) 




25.998(132) 




13 


26.780(152) 


25.564(080) 


25.165(081) 


24.910(065) 


25.777(068) 


25.083(066) 


26.022(093) 


25.386(070) 


14 


26.551(125) 


25.827(132) 


25.192(051) 


25.022(091) 


25.749(093) 


25.053(068) 


26.165(095) 


25.529(070) 


15 


26.461(162) 




25.118(077) 




25.721(090) 




26.118(084) 




16 


26.567(187) 




25.329(071) 




25.750(128) 




26.174(135) 




17 


26.740(112) 




25.440(080) 




25.822(083) 




26.409(096) 




18 


26.923(256) 




25.569(058) 




25.788(076) 




26.255(131) 




19 


25.674(058) 


25.394(065) 


25.677(081) 


25.025(081) 


26.138(098) 


25.182(072) 


26.229(090) 


25.477(086) 


20 


25.750(082) 


25.394(066) 


25.657(068) 


25.044(081) 


25.915(127) 


25.177(112) 


26.559(141) 


25.637(099) 


21 


25.685(078) 




25.910(086) 




26.306(128) 




26.802(149) 




22 


25.984(116) 




25.879(116) 




26.106(190) 




26.788(260) 




23 


26.461(096) 


25.617(106) 


26.022(182) 


25.469(094) 


27.130(245)* 


26.004(168) 


25.443(064) 


25.194(100) 


24 


26.382(132) 


25.787(099) 


26.075(138) 


25.278(092) 


26.518(177) 


25.742(143) 


25.447(088) 


25.162(052) 


25 


26.243(112) 




26.254(197) 




26.225(221) 




26.428(194) 




26 


27.061(252) 




25.183(106) 




26.262(266) 




25.610(139) 






26126P = 


34.88 d 


12135P = 


36.50 d 


31803P = 37.28 d 


45787P = 


37.31 d 


1 


25.761(154) 


25.336(104) 


26.200(122) 


25.161(130) 


26.296(122) 


25.437(061) 


25.081(106) 


24.810(154) 


2 


25.691(115) 


25.309(092) 


26.341(134) 


25.482(149) 


26.297(110) 


25.434(069) 


25.285(128) 


24.707(134) 


3 


25.989(201) 




25.886(112) 




26.590(122) 




25.353(167) 




4 


26.065(207) 




25.793(088) 




26.673(190) 




25.273(126) 




5 


25.445(108) 


25.081(084) 


26.098(139) 


25.228(094) 


26.932(185) 




25.629(208) 


24.931(132) 


6 


25.569(085) 


25.214(087) 


26.498(143) 


25.179(083) 


26.780(110) 


26.026(102) 


25.566(161) 


24.991(186) 


7 
8 


25.422(075) 
25.509(129) 




26.326(136) 
26.628(225) 




26.861(179) 
26.738(138) 




25.495(234) 
25.470(141) 




9 


25.595(110) 




26.278(141) 




26.511(212) 




25.455(150) 




10 


25.629(120) 




26.263(121) 




26.213(130) 




25.736(214) 




11 


25.620(129) 




26.470(228) 




25.868(100) 




25.659(229) 




12 


25.830(123) 




26.601(197) 




25.904(079) 




25.663(149) 




13 


25.861(139) 


24.988(124) 


26.387(124) 


25.591(100) 


25.931(125) 


25.476(096) 


25.235(171) 


24.963(157) 


14 


25.607(090) 


24.983(153) 


26.570(152) 


25.843(134) 


25.923(096) 


25.393(061) 


25.703(227) 


24.945(167) 


15 


25.757(163) 




26.915(346) 




26.049(121) 




25.310(152) 




16 


25.874(189) 




26.702(228) 




26.400(180) 




25.539(154) 




17 


25.907(181) 




26.396(192) 




26.144(080) 




24.961(154) 




18 


26.040(138) 




26.387(197) 




26.222(118) 




25.115(105) 




19 


25.967(190) 


25.567(116) 


25.917(124) 


25.030(115) 


26.257(096) 


25.467(105) 


25.314(151) 


24.927(177) 


20 


25.896(197) 


25.510(095) 


25.743(104) 


25.173(087) 


26.409(121) 


25.520(067) 


25.198(135) 


24.767(125) 


21 


26.023(204) 




25.935(102) 




26.768(126) 




25.281(138) 




22 


26.216(201) 




25.915(135) 




26.410(095) 




25.296(158) 




23 


25.314(116) 


25.081(111) 


25.924(116) 


25.053(086) 


26.909(181) 


26.158(097) 


25.449(163) 


24.811(152) 


24 


25.346(090) 


25.269(107) 


26.118(111) 


25.149(072) 


26.646(106) 


25.536(143) 


25.605(216) 


24.887(122) 


25 


25.508(124) 




25.817(145) 




26.206(202) 




25.008(167) 




26 


25.908(244) 




26.130(227) 




26.502(215) 




25.433(249) 






26545P = 


39.57 d 


09402P = 


39.78 d 


25375P = 39.96 d 


09611P = 


40.49 d 


1 


26.064(106) 


25.247(087) 


26.664(143) 


25.594(131) 


25.225(085) 


24.974(081) 


25.934(110) 


25.450(104) 


2 


26.176(115) 


25.553(105) 


26.603(198) 


25.502(184) 


25.219(072) 


24.918(074) 


25.941(160) 


25.516(138) 
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41 

it 


F555W 




F81 4W 

J_ Oil V V 


F555W 


F81 4W 

J. Oil V V 


r ooo vv 


F81 4W 

L O J- rfc V V 


r ooo vv 


F81 4W 

J. Oil V V 


3 


25.305(085) 






26.449(154) 




25.696(084) 




25.614(110) 




4 


25.436(086) 






26.343(252) 




25.699(151) 




25.866(120) 




5 


25.569(088) 


24 


824(057) 


25.775(087) 


25.006(070) 


25.718(080) 


25.552(113) 


25.258(076) 


24.963(061) 


6 


25.820(090) 


25 


026(091) 


25.875(125) 


25.063(105) 


25.915(098) 


25.438(175) 


25.631(100) 


24.901(109) 


7 

8 


25.949(137) 
25.908(086) 






25.979(134) 
26.105(210) 




26.176(153) 
26.167(146) 




25.485(101) 
25.451(106) 




9 


25.803(124) 






26.234(112) 




26.202(137) 




25.627(089) 




10 


26.113(105) 






26.259(190) 




26.364(207) 




25.532(141) 




11 


26.097(078) 






26.352(115) 




26.101(139) 




25.563(129) 




12 


26.033(135) 






26.272(178) 




26.238(153) 




25.685(133) 




13 


25.925(090) 


25 


102(054) 


26.509(189) 


25.244(090) 


26.684(139) 


26.098(179) 


25.685(105) 


25.352(119) 


14 


26.227(169) 


25 


408(105) 


26.389(215) 


25.261(086) 


26.342(109) 


26.034(207) 


25.792(104) 


25.096(079) 


15 


25.971(103) 






26.824(287) 




25.766(147) 




25.819(115) 




16 


26.292(130) 






26.527(269) 




25.774(103) 




26.166(180) 




17 


25.896(133) 






26.517(147) 




25.150(050) 




25.950(127) 




18 


26.402(109) 






26.614(206) 




25.294(091) 




25.945(133) 




19 


26.247(089) 


25 


216(074) 


26.872(226) 


25.350(104) 


25.283(050) 


25.037(088) 


25.818(091) 


25.481(080) 


20 


26.266(158) 


25 


476(102) 


26.482(278) 


25.397(147) 


25.281(074) 


25.093(087) 


25.999(151) 


25.645(107) 


21 


25.317(054) 






26.678(184) 




25.514(068) 




25.958(133) 




22 


25.283(061) 






27.014(343) 




25.388(078) 




25.984(164) 




23 


25.292(061) 


24 


746(049) 


26.722(285) 


25.589(138) 


25.726(079) 


25.283(107) 


25.668(128) 


25.144(094) 


24 


25.382(072) 


24 


846(058) 


26.371(296) 


25.325(105) 


25.651(078) 


25.179(074) 


25.691(111) 


25.190(151) 


25 


25.650(120) 






25.611(146) 




25.918(124) 




25.801(227) 




26 


25.858(129) 






25.772(156) 




26.000(136) 




25.145(167) 






20415P = 


51.51 d 


12778P = 


63.19 d 


19817P = 


68.61 d 


07098P = 


82.66 d 


1 


25.740(101) 


25 


076(112) 


24.888(109) 


24.425(057) 


25.719(075) 


24.711(061) 


25.202(082) 


24.700(084) 


2 


25.633(146) 


24 


819(078) 


24.928(110) 


24.532(058) 


25.605(059) 


24.715(056) 


25.498(055) 


24.723(062) 


3 


25.970(146) 






24.954(090) 




25.802(081) 




25.668(137) 




4 


26.064(102) 






25.018(090) 




25.863(056) 




25.746(080) 




5 


25.942(099) 


25 


094(095) 


25.133(105) 


24.845(079) 


25.876(085) 


24.982(086) 


25.429(085) 


25.004(074) 


6 


26.398(127) 


25 


098(078) 


25.132(137) 


24.732(060) 


25.937(087) 


24.861(046) 


25.493(108) 


25.107(091) 


7 

8 


26.146(116) 
26.242(120) 






25.150(114) 
25.201(094) 




25.885(135) 
25.929(070) 




25.176(377) 
25.119(062) 




9 


26.149(198) 






25.297(147) 




26.135(074) 




25.113(047) 




10 


26.101(179) 






25.198(114) 




25.996(078) 




24.992(056) 




11 


26.712(183) 






25.118(158) 




26.319(087) 




25.010(077) 




12 


26.563(211) 






25.185(129) 




26.109(140) 




25.013(051) 




13 


26.556(144) 


25 


228(077) 


25.131(116) 


24.883(071) 


26.305(131) 


25.230(074) 


25.087(096) 


24.623(071) 


14 


26.429(142) 


25 


293(079) 


25.317(124) 


24.863(086) 


26.070(109) 


25.084(042) 


25.230(088) 


24.515(087) 


15 


26.254(188) 






25.165(105) 




26.089(098) 




25.000(144) 




16 


26.181(084) 






25.253(118) 




25.973(082) 




25.037(093) 




17 


25.962(129) 






25.215(075) 




25.946(088) 




25.031(063) 




18 


25.757(130) 






25.252(105) 




25.869(082) 




25.155(074) 




19 


25.593(102) 


25 


216(071)* 


24.920(103) 


24.506(097) 


25.777(113) 


24.898(063) 


25.175(062) 


24.616(086) 


20 


25.535(068) 


24 


757(081) 


25.080(088) 


24.698(068) 


25.611(077) 


24.864(049) 


24.800(062) 


24.497(066) 


21 


25.865(094) 






24.786(093) 




25.551(054) 




25.408(179) 
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Table 5 — Continued 



It 

# 


r OOO W 


T?Q1 AWT 


KWT 

r OOO W 


T?Q 1 AWT 
r 014 W 


T?er e: kwt 
r OOO W 


T?Q 1 AWT 


r OOO W 


T?Q1 A~\H7 

r o!4 W 


22 


25.402(109) 




24.717(092) 




25.407(082) 




25.076(067) 




23 


25.887(085) 


25.119(081) 


24.719(064) 


24.552(069) 


25.421(080) 


24.652(041) 


25.329(067) 


24.754(075) 


24 


25.812(086) 


24.791(050) 


24.834(097) 


24.479(061) 


25.403(062) 


24.599(044) 


25.339(077) 


24.633(040) 


25 


26.002(132) 




24.923(138) 




25.903(138) 




25.139(102) 




26 


26.139(283) 




24.888(141) 




25.867(117) 




25.002(120) 






09558P = 


88.19 d 


12013P = 


90.73 d 


10203P = 95 


91 d 






1 


26.736(277) 


25.005(092) 


25.268(161) 


24.460(073) 


25.184(099) 


24.440(076) 






2 


26.487(194) 


25.118(089) 


25.246(152) 


24.444(096) 


25.192(069) 


24.435(072) 






3 


26.526(264) 




25.350(127) 




25.077(071) 








4 


27.003(317) 




25.336(156) 




25.007(058) 








5 




25.258(123) 


25.176(080) 


24.477(074) 


25.089(089) 


24.475(083) 






6 


26.893(281) 


25.319(085) 


25.358(130) 


24.624(111) 


25.231(080) 


24.543(118) 






7 

8 


26.688(281) 
26.439(196) 




25.139(116) 
25.022(106) 




25.063(072) 
25.163(088) 








9 


26.263(161) 




24.851(109) 




25.113(091) 








10 


26.276(152) 




24.980(120) 




25.243(094) 








11 


26.072(116) 




24.848(078) 




25.268(105) 








12 


26.095(181) 




24.982(120) 




25.200(061) 








13 


26.107(147) 


24.836(091) 


24.874(123) 


24.209(056) 


25.344(099) 


24.501(078) 






14 


26.050(170) 


24.846(090) 


24.997(089) 


24.327(081) 


25.266(100) 


24.437(086) 






15 


25.918(127) 




25.024(107) 




25.377(093) 








16 


25.999(120) 




24.960(145) 




25.302(065) 








17 


26.253(208) 




24.835(070) 




25.610(117)* 








18 


25.991(143) 




25.004(094) 




25.357(043) 








19 


26.135(149) 


24.915(063) 


24.980(119) 


24.351(096) 


25.348(058) 


24.509(100) 






20 


25.876(105) 


24.756(065) 


25.044(110) 


24.247(082) 


25.318(082) 


24.485(055) 






21 


25.983(188) 




25.069(118) 




25.293(065) 








22 


25.922(149) 




24.994(115) 




25.367(078) 








23 


25.989(180) 


24.821(058) 


25.060(123) 


24.405(097) 


25.162(083) 


24.571(097) 






24 


26.032(167) 


24.878(080) 


25.089(094) 


24.390(098) 


25.253(081) 


24.418(065) 






25 


26.416(219) 




25.384(182) 




25.407(158)* 








26 


26.369(199) 




25.199(195) 




25.152(096) 









* Data point rejected in light curve fit 

a la uncertainties (units of 0.001 mag) are given in parentheses. 
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Table 6. Cepheid photometry in NGC 1309 



# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 




21599P = 


20.93 d 


09778P = 


21.98 d 


08610P = 


23.23 d 


06631P = 24.82 d 


1 


27.127(234) 


26.249(129) 


27.137(249) 


27.083(303)* 


27.039(291) 


26.456(166) 


25.882(101) 


25.646(127) 


2 


n /"» /"^ot/ooi \ 

26.627(221) 


O/^ OOO/ll A \ 

26.238(114) 


ot p"op"/ooo\ 

27.535(393) 


O^ TO/"*/OO0\ 

26.796(228) 


26.965(368) 


0/^ 010/1 /io\^ 

26.012(148) 


25.574(167) 


25.750(085) 


3 


26.833(225) 




0/^ oi/^/or*o\ 

26.316(252) 




26.751(269) 




26.543(262) 




4 


ot o r* j / oi t\ 

27.354(217) 




O/"" OTO/0/1P"\ 

26.378(245) 




or - oo^/iooA 

25.896(130) 




26.628(223) 




5 


27.289(283) 


26.931(180)* 




26.242(181) 


26.792(209) 


26.160(105) 


26.636(135) 


26.135(154) 


6 




0/^ p"oo/i oo\ 

26.529(128) 


0/^ ooo/ooo\ 

26.999(280) 


0/^ j/io/ir*o\ 

26.442(153) 


O C TOO /O /I 0\ 

26.709(249) 


r" to r* / 1 a \ 

25.796(142)* 




26.241(139) 


7 


27.012(101) 




26.937(181) 




26.954(277) 




26.483(107) 




8 


ot o o r" / o o o \ 

27.005(209) 




OT OTO/OO.l\ 

27.278(334) 




0/^ /~*tt/oi •! \ 

26.677(214) 




26.730(248) 




9 


26.414(086) 




,1/' M n / 1 / 1 V 1 ' > \ 

26.900(233) 




ot r" c / r* T* \ 

27.256(255) 




25.924(130) 




10 


o/' 1 on ^ / "i ot\ 

26.304(127) 




OT 1 OO/O/^i^A 

27.180(266) 




ot o/^r"/ooo\ 

27.265(332) 




26.061(151) 




11 


26.426(098) 




O/" 1 O/IO/l 7l\ 

26.348(174) 




27.385(364) 




26.103(095) 




12 


26.359(089) 




26.308(097) 




27.153(228) 




26.501(174) 




13 


o/ -1 7/io/ion\ 

20.743(109) 


2o.4oo(lol) 


O/" 1 00£?/ 1 oo\ 

2o.o0o(lo2 ) 


/ ' non/icrcr\ 

2o. 050(155 ) 


07 i7/i/on,i\ 

27.174(294) 


2o.ool(220) 


26.186(149) 


25.706(134) 


1 A 

14 


2o. I /o(129J 


oc io^;/n7/i'\ 
2o.l2o(0/4) 


2o.0oo(124) 


oe n/11 /nnn\ 
20.041(099) 


2/. 111(200) 


oc 000/1 c; o 1 ! 
2o.ooo(152) 


26.188(132) 


25.754(089) 


15 


oc 7c;n/onn'\ 

2b. /o9(200) 




f)/? on 1 / 1 o r y\ 
20.o01(122 J 




f)/? /i/i £;/nnn*\ 
2o. 440(099) 




26.242(135) 




16 


20.910(122 j 




0/? c;70/ino\ 
2o.O ( o(10o) 




20. ( 42(212 j 




26.320(149) 




17 


07 o/" , £?/otro\ 

27.266(252) 




o/" 1 oo£?/oo7\ 

26.806(207) 




O/" 1 OCT1 /1 

26.351(146) 




26.469(126) 




18 


07 070/1 trn\ 

27.273(150) 








0/"' 1 r\ A ( r\c\c\\ 

26.194(099) 




26.640(218) 




19 


27.630(254) 


26.684(180) 


27.228(297) 


26.922(331) 


26.584(151) 


25.946(101) 


26.945(216) 


26.357(153) 


20 


27.341(292) 


o/" 1 7cri/ioo\ 

26.751(183) 


07 0/^1 /o7tr\ 

27.361(275 ) 


/ - nio/onc\ 

26.912(205 ) 


c\ / ' /1/11/10 7\ 

26.441(137) 


O/" 1 110/1 /I 7\ 

26.113(147) 


26.888(188) 


26.171(197) 


21 


20.094(005) 




07 ("OO /O CT£?\ 

z7.o22(o5o) 




26.915(151) 




26.318(149) 




22 


oc /i on / 1 nn 1 ! 
20.409(11)9) 




07 1 1'}/'079'\ 

2 { .120(2 (6) 








26.713(174) 




23 


Or 1 £?7,1 / "1 70\ 

2o. 074(172) 


O/" 1 1 OO/ 1 7\ 

2o.l92(lo7) 


c\r' £?oo/ooi \ 

2o.o0o(201 ) 


O / ■ Arrn/i /I n\ 

2o. 079(149) 


07 07£?/oon\ 

27.27o(2o0) 


2o.o0o(lo2) 


26.030(107) 


25.791(114) 


z4 


oc tni / 1 c\r\\ 
2o. 021(100) 


2o.2oO(loo) 


oc oin/1 aq\ 
20.210(145 ) 


01^; on£?/in/i\ 
2o.o0o(104) 


07 1 1 O/97/l'l 

2(\llo(oY4) 


OC QC^ /1 OI 

2o.oo4(lol) 


26.182(153) 


25.755(083) 


25 


O/"' 700/01 o\ 

26.723(213) 




o/" 1 crtT7/oon\ 

26.557(280) 








26.353(215) 




26 


o/" 1 1 / 1 o\ 

26.163(132) 




o/" 1 ntr£?/oon\ 

26.956(209) 




27.080(346) 




26.341(161) 






06737P = 


25.46 d 


34523P = 


25.52 d 


44606P = 


25.84 d 


48719P = 26.71 d 


1 


27.050(175) 


0/^ r"oo/i r*o\ 

26.533(152) 


0/^ 01 j/ooi\ 

26.914(221) 


c oir"/ior"\ 

26.315(135) 


O C TOO/ 1 TO\ 

26.729(170) 


0/^ joj/iTr"\ 

26.484(175) 


26.634(166) 


25.954(126) 


2 


26.777(152) 


26.638(175) 




26.662(367)* 


26.344(177) 


26.601(177) 


26.261(177) 


25.903(110) 


3 


26. / 11(184) 




26.36/(200) 




f)(? A A '7/1 7Q\ 

26.44/(1/8) 




26.186(191) 




4 


26.129(117) 




26.188(159) 




26.613(169) 




26.553(235) 




5 


26.306(094) 


25.957(078) 


26.076(095) 


25.989(084) 


27.009(178) 


26.784(248) 


26.890(180) 


25.998(109) 


6 


26.758(247) 


26.093(080) 


26.306(159) 


25.782(138) 


26.653(130) 


26.418(130) 


27.562(394)* 


26.167(137) 


7 

8 


27.053(155) 
26.661(092) 




26.678(170) 
26.657(219) 




27.134(162) 
26.464(146) 




27.216(247) 
26.767(342) 




9 


27.102(199) 




27.084(212) 




27.065(219) 




26.166(144) 




10 


27.320(196) 




26.833(327) 




27.159(191) 




26.299(138) 




11 


27.498(212) 




26.707(165) 




26.486(154) 




25.961(219) 




12 


27.512(246) 




27.487(297) 




26.619(112) 




25.798(161) 




13 


27.047(209) 


26.379(090) 


27.209(310) 


26.152(145) 


25.837(059) 


25.961(162) 


26.128(116) 


25.815(101) 


14 


26.951(154) 


26.372(117) 


26.963(316) 


26.182(154) 


25.846(070) 


25.989(126) 


26.267(148) 


25.760(092) 


15 


27.351(221) 




26.668(180) 




26.083(071) 




26.352(162) 




16 


27.072(176) 




26.632(302) 




25.816(090) 




26.074(144) 




17 


26.830(129) 




26.674(174) 




26.319(086) 




26.350(132) 




18 


27.190(196) 




26.635(230) 




26.197(096) 




26.371(155) 
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Table 6 — Continued 



4L 
it 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


19 


26.451(086) 


25.861(081) 


26.403(181) 


25.941(140) 


26.569(106) 


26.500(160) 


26.575(273) 


25.853(137) 


20 


26.535(106) 


26.038(078) 


26.369(261) 


25.779(091) 


26.338(140) 


26.347(164) 


26.571(172) 


25.909(113) 


21 


26.404(076) 




26.390(124) 




26.752(104) 




26.839(183) 




22 


26.560(137) 




26.270(194) 




26.748(184) 




26.705(173) 




23 


26.944(163) 


26.216(155) 


27.144(215) 


26.127(158) 


26.849(172) 


26.055(150) 


26.853(262) 


26.246(233) 


24 


27.307(228) 


26.360(086) 


26.747(325) 


25.992(219) 


26.966(233) 


27.248(267)* 


27.049(288) 


25.951(115) 


25 


26.516(161) 








26.610(242) 




26.503(211) 




26 


26.496(179) 




26.609(213) 




25.731(087) 




26.743(225) 






55736P = 27.18 d 


54039P = 


27.65 d 


41542P = 


27.72 d 


12340P = 


27.84 d 


1 


26.689(145) 


26.246(132) 


26.191(116) 


25.624(105) 


26.548(237) 


25.788(147) 


26.047(147) 


25.748(173) 


2 


27.067(180) 


26.409(154)* 


26.049(132) 


25.529(076) 


26.091(135) 


25.803(119) 


25.888(131) 


25.770(130) 


3 


27.122(175) 




26.922(295) 




26.939(351) 




26.033(241) 




4 


27.235(185) 




26.517(117) 








26.458(331) 




5 


26.473(084) 


25.924(084) 


27.491(373) 


26.316(130) 


25.941(136) 


25.528(110) 


26.378(216) 


26.374(282) 


6 


26.366(202) 


26.011(111) 


27.547(248) 


26.316(108) 


25.939(090) 


25.785(104) 


26.838(308) 


26.203(263) 


7 

8 


26.533(079) 
26.545(095) 




26.747(164) 
26.550(103) 




26.179(160) 
26.121(179) 




27.044(306) 
26.638(256) 




9 


26.900(159) 




26.116(078) 




26.538(201) 




25.923(155) 




10 


26.979(136) 




26.091(086) 




26.423(143) 




25.993(125) 




11 


26.874(114) 




26.347(290) 




26.634(165) 




25.940(138) 




12 


26.612(106) 




26.294(085) 




26.487(250) 




25.821(085) 




13 


26.964(185) 


26.314(066) 


26.423(119) 


25.870(076) 


26.419(142) 


25.880(172) 


25.928(124) 


25.762(138) 


14 


27.174(195) 


26.039(123) 


26.064(098) 


25.713(086) 


26.715(173) 


25.877(173) 


26.068(152) 


25.815(124) 


15 


27.059(220) 




26.547(137) 




26.733(272) 




26.168(156) 




16 


26.957(121) 




26.153(094) 




26.645(155) 




25.989(145) 




17 


27.111(185) 




26.365(100) 




27.139(331) 




26.411(234) 




18 


27.159(172) 




26.336(106) 




26.585(220) 




26.335(201) 




19 


27.179(172) 


26.792(090)* 


27.407(238) 


26.149(110) 


26.789(227) 


25.941(130) 


26.318(183) 


26.792(090)* 


20 


27.205(147) 


26.418(097) 


26.690(119) 


26.134(118) 


26.695(252) 


26.188(168) 


26.502(214) 


26.430(247) 


21 


26.453(081) 




26.696(181) 




26.208(115) 




26.971(328) 




22 


26.375(126) 




26.966(171) 




26.108(149) 




26.804(283) 




23 


26.548(097) 


26.079(095) 


26.273(106) 


25.782(088) 


26.319(158) 


25.533(200) 




26.539(326) 


24 


26.799(263) 


25.985(089) 


26.271(117) 


25.926(067) 


26.322(144) 


25.704(102) 


26.725(202) 


26.564(304) 


25 


26.310(105) 




26.988(311) 




27.123(356) 




26.213(258) 




26 


26.974(213) 




26.342(157) 




26.423(209) 




26.174(250) 






52644P = 29.17 d 


02343P = 


29.62 d 


23076P = 


30.67 d 


85974P = 


30.86 d 


1 


27.333(193)* 


26.185(092) 


27.333(193)" 


26.785(171) 


27.518(360) 


26.180(090) 


26.158(120) 


25.702(162) 


2 


26.851(157) 


26.098(125) 


27.113(292) 


26.628(179) 


26.752(274) 


26.269(310) 


25.871(125) 


25.687(108) 


3 


26.047(134) 




26.565(220) 




26.253(134) 




26.407(165) 




4 


25.825(058) 




25.997(178) 




26.238(137) 




26.730(301) 




5 


26.255(078) 


25.902(065) 


26.932(194) 


26.091(084) 


26.653(145) 


25.879(067) 


26.624(138) 


27.053(273)* 


6 


26.481(112) 


25.698(132) 


26.753(146) 


25.794(127) 


26.609(344) 


26.006(190) 


26.820(236) 


26.240(120) 


7 

8 


26.419(089) 
26.502(104) 




26.794(147) 
26.640(167) 




26.623(190) 
26.575(270) 




26.674(174) 
26.656(235) 




9 


26.628(143) 




26.750(145) 








25.754(090) 




10 


26.644(112) 




26.927(167) 




27.382(317) 




25.706(165) 
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Table 6 — Continued 



4k 
Tr 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


n 


26.613(200) 




27.129(220) 




27.059(264) 




25.451(111) 




12 


26.505(122) 




27.214(230) 




27.152(307) 




25.748(139) 




13 


26.905(135) 


26.089(093) 


27.233(207) 


27.036(193)* 


27.034(215) 


26.180(124) 


26.127(148) 


25.871(142) 


14 


26.718(104) 


26.235(079) 


26.855(219) 


26.652(156) 


26.644(172) 


26.213(151) 


26.027(167) 


25.348(137)* 


15 


26.890(108) 




26.632(132) 




27.513(391) 




26.157(086) 




16 


26.718(105) 




26.396(090) 




26.574(152) 




25.870(140) 




17 


26.066(066) 




25.804(101) 




27.069(214) 




26.250(200) 




18 


25.900(060) 




25.758(066) 




26.768(282) 




26.482(133) 




19 


25.836(078) 


25.502(060) 


26.295(126) 


25.899(089) 


26.269(116) 


26.568(172)* 


26.690(167) 


26.098(144) 


20 


25.844(073) 


25.561(043) 


26.367(150) 


25.849(090) 


26.303(120) 


25.717(124) 


26.622(195) 


26.066(107) 


21 


26.150(071) 




26.408(110) 




26.554(156) 




26.754(164) 




22 


26.309(126) 




26.359(100) 




26.155(125) 




26.314(175) 




23 


26.477(103) 


25.824(075) 


26.512(149) 


26.119(104) 


26.712(395) 


26.462(228)* 


26.523(196) 


26.038(208) 


24 


26.416(135) 


25.787(086) 


26.876(234) 


25.958(137) 


26.494(223) 


26.072(165) 


26.555(202) 


26.346(176) 


25 


26.385(126) 




26.220(134) 




27.448(335) 




25.804(208) 




26 


26.033(154) 




26.945(236) 




26.271(121) 










07224P = 


30.91 d 


07255P = 


31.16 d 


50024P = 31.69 d 


59151P = 


32.62 d 


1 


26.148(115) 


25.785(092) 


26.495(215) 


26.092(139) 


27.409(329) 


26.107(099) 


26.200(190) 


25.599(076) 


2 


26.274(111) 


25.972(086) 


26.488(176) 


25.918(175) 


26.909(175) 


25.988(144) 


26.298(149) 


25.681(104) 


3 


26.828(205) 




26.765(241) 




26.759(212) 




26.156(187) 




4 


27.385(302) 




27.086(324) 




26.637(190) 




26.382(188) 




5 


26.965(242) 


26.370(113) 


26.257(152) 


25.978(094) 


26.299(061) 


25.681(110) 


25.839(088) 


25.582(088) 


6 


27.813(288) 


26.274(112) 


26.475(108) 


25.968(096) 


26.236(094) 


25.737(143) 


25.620(188) 


25.311(083)* 


7 

8 


26.913(183) 
27.146(173) 




26.192(118) 
26.081(108) 




26.542(120) 
26.610(198) 




25.738(095) 
25.672(128) 




9 


26.331(089) 




26.355(114) 




26.714(163) 




25.686(144) 




10 


26.318(107) 




26.485(114) 




26.797(163) 




25.664(130) 




11 


26.156(090) 




26.519(163) 




27.039(191) 




26.192(107) 




12 


26.117(112) 




26.539(164) 




26.876(176) 




25.999(113) 




13 


26.174(109) 


25.857(079) 


27.035(250) 


25.989(108) 


26.881(182) 


25.909(115) 


26.329(119) 


25.690(096) 


14 


26.111(061) 


25.834(081) 


26.572(164) 


26.004(100) 


26.623(151) 


25.813(134) 


25.942(130) 


25.513(072) 


15 


26.379(140) 




26.776(232) 




26.612(113) 




26.128(122) 




16 


26.352(105) 




26.894(223) 




27.380(257) 




25.984(113) 




17 


26.295(149) 




26.896(267) 




27.172(190) 




26.456(091) 




18 


26.556(109) 




26.872(308) 




27.802(386)* 




26.225(100) 




19 


26.771(121) 


26.049(081) 


27.067(250) 


26.444(145) 


27.206(178) 


25.980(107) 


26.628(170) 


25.933(084) 


20 


27.610(236) 


26.329(105) 


27.325(287) 


26.260(117) 


27.521(280) 


26.259(140) 


26.659(131) 


26.057(108) 


21 


27.378(238) 




27.004(254) 




26.657(142) 




26.471(132) 




22 


27.412(195) 




26.682(302) 




26.704(151) 




26.845(239) 




23 


27.500(266) 


26.324(131) 


26.157(126) 


25.823(139) 


26.112(138) 


25.513(114) 


25.853(076) 


25.697(069) 


24 


27.820(314) 


26.469(133) 


26.294(110) 


25.791(137) 


26.418(119) 


25.497(111) 


25.824(100) 


25.598(138) 


25 


26.842(274) 




26.170(142) 




26.266(130) 




26.233(141) 




26 


26.820(276) 








26.846(223) 




25.643(083) 






60583P = 


32.95 d 


04322P = 


33.26 d 


30349P = 33.51 d 


03108P = 


33.71 d 


1 


26.639(189) 


25.974(111) 


26.847(211) 


26.037(101) 


26.621(250) 


26.222(213) 


26.758(134) 


26.192(103) 


2 


26.968(248) 




26.521(105) 


25.904(116) 


26.775(273) 


26.057(185) 


26.859(168) 


26.205(114) 
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if 


F555W 


F81 4W 

J_ Oil V V 


F555W 


F81 4W 

J. Oil V V 


F555W 


F81 4W 

J. Oil V V 


F555W 


F81 4W 

L O -L rfc VV 


3 


26.627(345) 




25.701(079) 




25.930(159) 




26.172(118) 




4 


26.083(123) 




25.812(072) 




26.238(186) 




25.922(086) 




5 


27.005(349) 


25.806(113) 


26.185(109) 


25.619(084) 


26.423(197) 


25.861(159) 


26.863(166) 


25.804(096) 


6 


27.470(385) 


25.616(109) 


26.002(094) 


25.582(098) 


26.436(176) 


25.982(178) 


26.455(094) 


25.617(061) 


7 

8 


26.979(212) 




26.199(119) 
25.836(104) 




26.651(214) 
26.587(210) 




26.398(134) 
26.538(166) 




9 


27.276(231) 




26.246(090) 




26.714(216) 




27.005(204) 




10 


26.781(192) 




26.211(122) 




26.301(144) 




26.649(130) 




11 


26.853(201) 




26.443(104) 




26.824(228) 




26.498(150) 




12 


27.482(352) 




26.544(120) 




26.909(210) 




26.857(157) 




13 


26.599(166) 


26.250(174) 


26.541(186) 


26.021(097) 


26.751(226) 


26.133(179) 


26.981(140) 


26.006(130) 


14 


27.271(351) 


26.082(182) 


26.520(131) 


25.847(084) 




26.352(172) 


26.667(145) 


25.748(125) 


15 


27.160(235) 




26.703(151) 




26.640(278) 




26.737(153) 




16 


26.786(283) 




26.339(147) 








26.701(177) 




17 


25.903(101) 




26.980(206) 




26.700(183) 




26.574(161) 




18 


25.807(092) 




26.786(103) 




27.232(389) 




26.521(091) 




19 


26.021(110) 


25.405(116) 


26.443(113) 


25.961(104) 


25.780(142) 


25.574(128) 


26.092(103) 


25.557(082) 


20 


26.219(143) 


25.578(144) 


26.600(200) 


25.973(115) 


26.203(142) 


25.976(157)* 


25.986(138) 


25.711(091) 


21 


26.321(133) 




25.672(086) 




25.965(184) 




25.983(074) 




22 


26.075(126) 




25.607(047) 




26.316(149) 




26.247(089) 




23 


26.744(213) 


25.710(078) 


25.776(083) 


25.321(079)* 


26.765(218) 


26.044(124) 


26.758(195) 


25.889(143) 


24 


26.256(148) 


25.747(125) 


25.852(090) 


25.503(084) 


26.143(169) 


26.350(260)* 


26.513(132) 


25.744(090) 


25 


27.017(381) 




26.398(134) 




26.643(231) 




26.457(153) 




26 


26.596(205) 




25.660(103) 




25.818(127) 




25.848(091) 






09099P = 


33.74 d 


30771P = 


33.75 d 


14063P = 


34.08 d 


59846P = 


35.12 d 


1 


26.140(148) 


25.794(139) 


27.290(194) 


26.421(175) 


25.971(119) 


25.323(165) 


26.360(152) 


25.806(144) 


2 


26.406(250) 


25.960(175) 


27.206(221) 


26.252(132) 


25.928(168) 


25.762(155) 


26.508(183) 


25.643(125) 


3 


26.725(395) 




26.370(245) 




25.800(188) 








4 






26.284(115) 




25.941(111) 




26.695(306) 




5 


26.786(243) 


26.506(266)* 


26.717(188) 


26.112(170) 


26.288(164) 


25.856(173) 


25.869(178) 


25.598(108) 


6 


26.422(231) 


26.064(172) 


26.517(141) 


25.844(143) 


26.321(369) 


25.753(112) 


26.046(154) 


25.516(102) 


7 

8 


26.854(200) 
26.618(186) 




27.031(199) 
26.925(176) 




27.037(261) 
26.270(166) 




25.862(116) 
25.711(083) 




9 


26.405(237) 




26.942(223) 




26.486(212) 




26.076(108) 




10 


26.236(163) 




26.407(169) 




26.781(293) 




26.080(147) 




11 


26.070(139) 




27.308(236) 




26.488(214) 




26.170(142) 




12 


25.955(133) 




26.980(197) 




26.734(240) 




26.278(200) 




13 


25.957(105) 


25.761(138) 




26.524(162) 


26.525(271) 


25.891(114) 


26.403(164) 


25.661(124) 


14 


26.352(199) 


25.741(140) 


27.347(166) 


26.216(159) 


26.943(302) 


26.126(210) 


25.873(116) 


25.740(133) 


15 


26.189(126) 




26.970(307) 




26.012(145) 




26.241(115) 




16 


25.921(161) 




26.681(225) 




26.198(167) 




26.025(099) 




17 


26.408(159) 








25.610(128) 




26.597(223) 




18 


26.214(206) 




27.438(218) 




25.676(090) 




26.414(182) 




19 


26.198(184) 


25.901(173) 


26.161(067) 


26.011(134) 


25.911(132) 


25.377(076) 


26.871(261) 


25.855(155) 


20 


26.169(151) 


26.164(195) 


26.301(106) 


25.785(115) 


25.761(092) 


25.404(093) 


26.500(185) 


25.910(160) 


21 


26.793(280) 




26.174(079) 




25.930(159) 




26.784(232) 
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# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


22 


2fi r >Q4l'2'38l 




26 465(1 21 1 




26 005H 431 




26 740('225l 




23 


9fi RQ4('947^ 


9^ Q7Sf 1 fil 1 

ZO.y I O^lOl J 


9fi 4fl8f088l 


9fi f)C\Q( 1 1 Ql 

zd . uuy ^ J. -L iJ J 


zo. yyu^idu y 


95 5nl 


9^ Q89H 1 91 


95 ^7A(A 1 01 


24 


27 1 SOf^fil 


2(S o04f 1 Qfil* 


2(S SI Qf21 01 


2o 847T0Q1 1 


9ft 1 1 Qfi yfi^ 


25 472('088l 


25 91 3d 671 


25 305(0931 


25 






9fi q^o^^i ~i 




ZD.OUD^lOO ^ 




9R 941 ^9^1 1 




26 


26 347(2251 




26 (sn^^^i ~i 




2o 740(4 ^01 




25 762H 941 






Q I fi K E JD 

tjiooor — 


OO.OO ( 1 


u / ooor — 


Qfi 17 H 

OO.l / u 


fiQfiQ7 p 

oaoo / i — 


o / . zo u 


41024J I> = 


00.00 U 


i 
i 


zo.ooo^uyz ) 


ZO.OOl^UoU ^ 


97 1 S7/^ 

Z 1 .10 i ^ouo ) 


9ft A1 OH 1 A"! 


OK Q1 C/l OA \ 

zo.y lo^ io4 ^ 


9^ 908^1 9^^ 

zo.zyoi^ izu j 


9ft c\'\\\(\\ oa\ 

ZD.Dll ^ 1ZD ) 


9c; ft 1 Q/'^Q' : i^ 
zo. Diy^uyo ) 


o 
Z 


9^ fi^s./'nT'^l 

ZO.OOo^U I O j 


zo.uoo^uyo j 


of. f\f\7(^ 

ZD.DU 1 ^±04 ) 


9ft 1 OO/ 1 Afi\ 
ZD. 100^140 j 


oc; Q91 /n7Q^ 
ZO.OZ 1 \\j ( \) ) 


zo.o I o^uyi ) 


9ft 1 A7(~\ 9^^ 
ZD. 14 ( 1ZO ^ 


9c: 7fiQ/'l 99^ 
ZO. 1 UO^IZZ j 


Q 
O 


9fi 1 9(V 1 RAl 
ZO.lZUl ±04 ^ 




zo.z^y ^ioo ) 




ZO. 400(^140 ^ 




9ft c^OA^I f\\ 
ZD.OZ^i^ZlD^ 




1 


9fi 074f'nQQ'\ 

zo.u / 4^uyy j 




9fi 1 S1 n n^"\ 

ZD.lol^lUO ) 








zD.yoDi^oyy ) 




o 


9fi 937^0781 


OK ft77/'nQ9l 

zo.d i * ^uyz j 






Oft 1 KQfl Qf{\ 
ZD.-LOO^lOD ) 


9^ 9QZL/4 nnl 

zo. zy ^ iuu ^ 


9ft ftn c ^/'l R8l 

ZD.DUO^lDo ^ 


9ft 971 fl QQ\ 

zd.z ; 1 ^iyy ) 


a 
O 


9fi zLflzL ^ 1 A7\ 
Z0.4D4^1 i ± f j 


ok ftci / , n7 i ?'l 
ZO.Ool^U I o J 


Oft AQQf 1 QQA 
ZD. 400^100 ) 


zo. yio^ iud ) 


Oft AQH/'I 79^ 


ZO.ODD^loo ) 


97 9^0^97^^ 
Z ( .Zoy I^Z (DJ 


ZD.Zoo^ZU4 ) 


7 

Q 
O 


ZD. lo ( ^Uoo ) 

Oft mQf 1 fiQl 
zu.uoy^j-uy j 




Oft Q7Q/' 1 7^^ 

zo.y (o^iioj 

Oft z>f\Q(~\ A7\ 




9ft 97Q/'1 77~\ 
ZD.Z (o^ll / ) 

ZD. DO 1 ^ZUD ^ 




9ft 909/1 70\ 
ZD.ZOZll i Z 1 




Q 

y 


ZO. ( ol^U ( 1 ) 




Oft 79/1 (1 Of{\ 
ZD. ( Z^t^lZO ) 




zo.4oy I^O ( D j 




9C: QQO/1 C7\ 

zo.yyo^io 1 ^ 




i n 

ID 


zo.yoo^uyo^ 




9ft 7f\7(-\ ftOA 
ZD. < D i ^ J_DZ j 








9ft 1 1 cr/i 
ZD. llO^liJ'l ^ 




11 


9^ 7fifii'nQ4l 
zo. f oo^uy± j 




97 ^1 1 fiOl 

Zl .O-Ly^-LDUy 




ZD. lOO ^ lO'-t J 




9^ 7Q r ^('1 91 1 
zo. 1 yo^izi j 




1 
1Z 


o^ fi/i /i i'nft7'i 

z0.o44^UD I ) 




oft fisrii'i qq^i 
ZD.ooU^loo ) 




9ft n^fi/i fto^ 
zD.DOo^lDy J 




zo. yuy^iio ) 




13 


2o 87Sf08fil 


2o 4*W0o2l 


27 027n 781 


9ft 1 7()( 1 221 


9ft A^fl^oOl 


2o (S4(S('1 281 


2o Q2S('1 081 


2o 788H 80I 


14 


25 941 f 1 351 


25 482(0911 


26 856 m 81 


26 033("1211 


26.110(152) 


25 726('164l 


25 894('1 291 


25 708C1 391 


15 


9^ fiQ8f08R.l 
zo. oyo^uoo j 




9fi QS4n ^41 

ZD . yol ^ -LOI ^ 




9fi 78 l ^(''^^8l 
ZD. 1 OJ^OOO J 




9R nni (a ^fil 

ZD. DU 1 ^ IOD ^ 




16 






9fi Q1 Q/ - 1 7a'\ 




2)S 1 44M 1 Si 




2o 007^1 201 




17 


25 867(0831 




27 042fl67l 




26 390n811 




25 860('086l 




18 


25 780( 1 061 




27 062('205l 




26 098n 961 




26 229H 651 




19 


25.898(116) 


25.323(084) 


26.861(194) 


26.208(102) 


25.765(097) 


25.281(126) 


26.015(156) 


25.867(149) 


20 


9^ QA^fOM 1 

ZO . jtj l^UU 1 y 


ZO. JUU^UUI J 




ZD.UOO^UyD J 


9^ 7AR(A 981 
zo. / io^izo y 


ZO.ZOD^DyD y 


9R 94fi('1 4Ql 


9fi 1 8fin 81 1 

ZD. lOD^lOl J 


21 


2o Q44l4 1 21 




9ft. 2o4n OfSl 




2o 842('0Q8l 




26 748('272l 




22 


9fi D44fn8R.l 




9fi 1 SQH 1 d\ 




ZO. OIO ^ J.D'i j 




0f\ 77f|('9 c ;7l 

ZD. 1 / D^ZO 1 ^ 




23 


9R nssn 481 




9fi 7SST1 ^nl 

ZD. i OO^IOUJ 




9^1 QQfin 871 
zo.yyD^ioi j 


9^ 941 n S^l 

^O.^rlJ-l -LOO 1 


9fi 78Q('9 r >7l 
zd. 1 oy ^zo 1 j 


ZD.^IOD^ZIO j 


24 


2(S 224(4 1 71 


2o (S32f 1 f)1 1 


2(S 2o7f 1 1 1 1 


2o 7o8r 1 01 1 

ijO. 1 Jul 1U1 1 


2o Qo8(4 841 


25 375('1 1 51 


9ft SfSO^SI 1 


9ft T^fi^Sfil* 


25 


25.695(092) 




26.995(316) 








26.226(176) 




26 


26.475(235) 




26.022(152) 




25.885(174) 










34163P = 


39.34 d 


07989P = 


39.42 d 


44069P = 


39.90 d 


27980P = 


39.92 d 


1 


26.427(188) 


25.711(108) 


26.517(139) 


25.983(166) 


26.566(196) 


26.075(132) 


26.737(129) 


25.678(087) 


2 


26.267(168) 


25.606(091) 


26.413(197) 


25.795(108) 


26.243(125) 


25.854(245) 


26.322(221) 


25.614(175) 


3 


26.671(215) 




27.221(364) 




26.015(138) 




26.666(152) 




4 


26.471(206) 




27.133(267) 




26.066(139) 




27.836(375) 




5 


25.812(113) 


25.343(080) 




26.162(113) 


26.507(143) 


25.823(106) 


26.172(134) 


25.584(086) 


6 


25.508(096) 


25.278(089) 




26.337(091) 


26.156(290) 


25.752(117) 


26.707(234) 


25.644(136) 


7 
8 


25.847(082) 
25.686(110) 




27.187(203) 
27.314(271) 




26.657(150) 
26.105(133) 




25.966(103) 
25.595(079) 




9 


25.920(141) 




27.009(283) 




26.540(215) 




26.027(090) 




10 


25.951(117) 




26.981(149) 




26.654(225) 




26.053(094) 




11 


25.958(128) 




26.542(169) 




26.743(265) 




26.157(071) 




12 


26.268(189) 




26.579(139) 




27.028(315) 




26.143(140) 




13 


26.260(159) 


25.546(145) 


26.540(135) 


25.657(086) 


26.910(295) 


26.668(172)* 


26.180(104) 


25.530(076) 
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# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


14 


2o QQ8f 1 661 


25 3ooro85"i 


2fi 642(1 36 "l 


I's s^foqo 1 ) 

iU.UlU 1 UiJU j 


26 ^3^21 9") 


26 081 f1 23"l 


26 342H 79") 

iU.ijT:i\ ± 1 i7 J 


25 395(" 1 1 2\ 

ij. JJUl lli 1 


15 


9^ Q71 fnQ8l 
zo . y i i^uyo j 




9fi SQQ( , flQ7l 
zu.oyy^uyi j 




9R 7(^7('1 8^1 
zu. 1 u 1 ^ ±00 y 




9R 49^n 971 




16 


2o 8Q7f 1 1 71 




26 8o6('204l 




26 S1 8f1 ol 1 




26 448('1 09~) 




17 


9fi R90f9S4l 




9fi Sfififl ^91 




9R QSQ/'978l 




9R 789M SI 1 

ZU. 1 Oi^lOl y 




18 


9fi 0fi8f 1 891 

ZU.UUO^-LOZ ^ 




9fi 489(4 Sfll 

ZU.'iOZ ^ LOU ) 




9R S7fi('9nnl 

zu.o / u^zuu y 




9R S9fl('1 41 1 

iU.OirU\ 111 1 




19 


26.277(116) 


25.749(104) 


26.481(125) 


25.992(103) 


26.262(125) 


25.743(079) 


26.518(177) 


25.638(071) 


20 


9fi 901 (1 87l 


9^ 7SQfOQ8l 
zo. ( oy^uyo ^ 


9fi 81 4(9S7l 


9 c l QSS( , 08Rl 
zo.yoo^uou j 


9fi 01 8H Ofil 
zu.u±o^±uu J 


9^ 41 7(A 891* 

iO.11 / ^lOZ j 


9R 7 C >9('1 ^Sl 

ZU. 1 Ji^lJO y 


9^ f\AR( 1 0^1 

ZO.U^O^-LUO j 


21 


9R fi^^n qi i 




9fi fiS^fl 671 




9^ 87fl('n7fil 
ZO.O i u^u / u y 




97 nfifl^l fil 

Z i .UUU^ZIU J 




22 


26 1 Q4H 2Sl 

ZiU . 1 y I -1 _ (J J 




26 81 ^1 snl 

iiU.OlUV-LtJU J 




2o 68Q(Tl68l 




26 706^1 o4l 




23 


9^ QfWl 881 


9^ ^s^n si 1 

ZO . OOO 1 -LO -L y 


97 008^9001 

Z f .UUO^ZUU y 


ZU. -LOU I 1UU j 


9^1 Q1 9H 1 ^1 
zo.y±z^±j_o j 


9^ 774 H 1 91 

ZO . f I 1 ^ 1 J. Z J 


97 S7S('Sn^l 


9^ Ql Q( 1 Ofil 


24 


26 1 Q^H 1 Si 

Z;U.li/Ul llO J 


2o 672(4 1 Ql 

iriJ.UI ill 111? J 


26 8Q6(4 Q41 


26 S21 ^OQol 


2o 822M 21 1 


2o 478f067l 


27 4S4('S80l 


2o Q24(' 1 401 

iiU.yii^rl _LrtU j 


25 


9fi 0^^981 
zu.uoo^ozo ^ 




9R 98'^/'1 1 Si 




9R 4S1 f 1 Ql 1 




9fi 1 4 c i('1 SI 1 




26 


9fi S8Sf9f)7l 

ZU.OOO^ZUf 1 




97 D79/'98fil 

Z I .U 1 Z^ZOU J 




9^ 78Qn 1 ^1 
zo. 1 oy^iio y 




9R fi7fl('9S9l 
zu.u t u^zoz y 






ozy / Or — 


/in Pi9 r\ 

4tU.OZl CI 


fl7QQ4. P — 




nil Rfi p — 


A1 1 1 H 




A1 Sifi r\ 


i 
i 


9fi ( 1 flQl 


oc; RQQi'l AQ\ 

zo.oyy ^i4o j 


9(^ 87n/'94Q^ 


oc: coti/i 1 7\ 
ZO.OoO^ll / ) 


OR R77/'l Qfl^ 
ZO.U I / lou ) 


oc; Rni n f!1 A 
ZO.DUl^lUl ) 


0(\ ^1 Q/'9^9^ 

zo.oiy^zuz j 


oc; QQR/ 1 RRA 
ZO.OOD^ luD ) 


9 
Z 


Of ^41 f 1 98"! 


oc; Q7K{ i nn') 
ZO.o I O^IUU ) 


zo.oyz^ioz j 


oc: 1 q\ 
ZO.UOOl^llO ) 


zo.uuz^uyo ) 


Z0.04ol^Uo4 j 


Of ^ c i9/'979^ 
ZU.UOZI^Z i Z) 


9^ 91 1 A 1 ^* 
ZO.ZIO^ 14o ) 


Q 
O 


9fi 7 C ^Q('1 7^1 








97 nm ^9^71 

Z I . UU1 ^ZO 1 ^ 




Of. 4fi'?/'98fil 




/I 
1 


of QniV9nfi1 
zu.yuu^zuu j 




97 9(^8/''^QA^ 




ZD.DZDI^uyD ^ 








c; 
O 


97 1 99/" 1 41 1 
Z I .IZZl l^l 1 


or /innn aqi 

zu.^uu^ ny J 


9fi 098/' 084 s ! 
ZU.UZO^UO^i j 


oc: en /'n7^ s l 
ZO.UO-L ^U 1 O y 




oc: QRQ^nQnl 

zo. yuy^uyu ^ 


OR 1 ^Q{OAQ\ 

zu.ioy^z^y ) 


oc: 091 ( 1 RQA 

zo. ozi iuy j 


u 


9fi Q8(V 91 8l 
zu.you^zio ^ 


9R sqsh n^i 

zu.oyo^j-UO ) 


zu.ouo^uyy ) 


oc: ^70(00^ 

zo.u 1 u^uyo y 


97 ^84^90^1 


or ni Q^nQQl 
zu.uiy^uyy j 


Of 477/Q871 
z\j.*± 1 1 ^00 1 y 


Of 1 CC/l^l RA* 
ZU. -LO'llZJ.U 1 


7 

Q 
O 


97 A^Q/^ni ^ 

97 sn r »f94sl 




zo. i o^uyo ) 
zo.yz ( ^uuy ^ 




97 1 AQ(~\ 8Q^ 
Z ( . l^y loy ^ 

97 SI R7l 7^1 
Z l .O-LU^ 1 I O J 




oc: 01 R/Oc;7\ 
ZO.olDI^ZO 1 j 

OR flRR^I fll 
ZU.UUU^Z _LU ^ 




9 


9fi 87Qf1 fi^il 
zu.oi y ^iuo j 




9^ R7(V 1 1 Si 




97 SS9('9Rfil 




9^ 77SH Sfil 

ZO. 1 1 -LOU J 




1 n 






oc: 007/1 OQl 

zo.yz / ^ iuy ^ 




97 ns^n ^nl 

Z ( .UOO^ IOU y 




OC. R/l 1 /I Qtr\ 
ZO. U4:l ^ lOO ) 




11 


9fi QQOn ^1 
zu.yyu^-Loo j 




9^ 8Q^n 1 Rl 
zo.oyo^±j-U j 




97 1 Q7f1 SQl 
z i . j_ y 1 ^ j_oy j 




9^ Q1 7^9981 
zo. y.L 1 ^zzo y 




1 o 
_LZ 


or ftQnh /iR\ 
ZD. 0oU\140 ) 




oc; nc: /i / ^QO^ 
ZO. 904^1109 J 




07 HRO/' 1 /i o^ 
z t .yjQyyiQz ) 




OC; Q(\C\(OA A\ 
z0.oyu\Z44 ) 




13 


26 4SSf 1 21 1 

ZiU.TtOOlliil J 


2o 8S9n 1 21 

ir>J.OU^I 1 lir J 


26 nS2('076l 

iiU.Utji<v u 1 \j 1 


2o S76(T)76l 


26 QS6H 261 


2o QoQfOQOl 


2o 876M 4Ql 


2o 4 t S7(' 1 2Sl 


14 


26 245f1 26"l 


25 654(091 "I 


26 1 30H 07) 


2^ 44 C >^092~1 


26 834('1 33~) 


2^ 945n 1 51 


25 561 fl 61 ~) 

ij.uuii iui y 


25 266(" 1 1 61 

iiU . ZrUUl 11U 1 


15 


9fi 9fi8fOQ7l 
zu.zuo^uy / j 




9R 9Q^n 1 81 
zu.zyo^±-Lo j 




9R c ^49('1 nnl 

ZU.U4:Z^J_UU ^ 




9^ 748M 8Sl 

ZO. 1 lu^LOO ^ 




16 


26 1 6Sf080l 




2o Q41 (Tl66l 




26 61 7f1 2Ql 




2o o06n 1 81 
iu.ijuui 110 y 




17 


26.387(142) 




26.380(154) 




26.269(088) 




25.901(143) 




18 


26.213(072) 




25.990(125) 




26.309(067) 




26.003(211) 




19 


26.516(133) 


25.856(111) 


26.392(160) 


25.671(083) 


26.470(112) 


25.758(066) 


26.126(204) 


25.470(115) 


20 


26.879(129) 


26.107(088) 


26.344(092) 


25.466(106) 


26.574(085) 


25.701(084) 


26.145(199) 


25.587(142) 


21 


26.522(147) 




26.545(133) 




26.560(095) 




26.143(196) 




22 


26.599(132) 




26.523(118) 




26.535(119) 




26.213(182) 




23 


26.572(171) 


26.530(197) 


26.703(217) 


25.994(125) 


26.815(178) 


25.777(108) 


26.363(341) 


25.337(131)* 


24 


26.817(143) 


26.403(125) 


26.861(155) 


26.107(095) 


26.629(112) 


25.852(081) 


26.854(365) 


25.692(221) 


25 


27.328(310) 




25.928(092) 




26.649(189) 




26.232(378) 




26 










26.437(220) 




25.550(222) 






22918P = 


42.03 d 


02032P = 


42.54 d 


48747P = 


42.68 d 


67393P = 


42.74 d 


1 


26.146(115) 


25.443(072) 


25.570(099) 


25.066(088) 


27.048(334) 


25.967(140) 


26.453(277) 


25.409(168) 


2 


26.155(137) 


25.448(082) 


25.495(091) 


25.043(071) 


26.934(187) 


25.792(128) 


26.365(266) 


25.330(158) 


3 


26.523(181) 




26.016(205) 




27.115(223) 




25.575(119) 




4 


27.023(367) 




25.968(106) 








25.409(145) 




5 


25.503(062) 


25.185(092) 


26.236(127) 


25.303(074) 


26.153(090) 


25.862(107) 


25.614(105) 


25.076(143) 



- 21 - 



Table 6 — Continued 



if 


F555W 


F81 4W 

J. Oil V V 


F555W 


F81 4W 

J. Oil V V 


F555W 


F81 4W 


r ooo vv 


F81 4W 

L O J- rfc VV 


6 


25.883(172) 


25.343(071) 


26.096(139) 


25.408(061) 


26.397(091) 


25.761(095) 


25.573(130) 


25.151(128) 


7 
8 


25.629(070) 
25.631(103) 




25.850(105) 
26.104(077) 




26.420(120) 
25.898(113) 




25.939(126) 
26.076(228) 




9 


26.290(198) 




26.304(139) 




26.714(137) 




26.373(247) 




10 


25.770(088) 




26.356(124) 




26.118(210) 




25.943(176) 




11 


25.792(126) 




26.455(110) 




26.532(173) 




26.079(133) 




12 


26.015(118) 




26.707(123) 




26.269(111) 




26.222(216) 




13 


25.769(101) 


25.140(089) 


26.752(137) 


25.561(071) 


26.431(108) 


25.730(123) 


25.458(174)* 


25.394(150) 


14 


25.890(081) 


25.381(078) 


26.609(109) 


25.632(062) 


26.265(081) 


25.708(059) 


25.959(144) 


25.242(140) 


15 


25.836(109) 




26.269(122) 




26.464(122) 




26.173(199) 




16 


25.885(121) 




26.436(097) 




26.218(114) 




26.114(199) 




17 


25.963(092) 




25.714(101) 




26.720(258) 




25.952(157) 




18 


26.295(125) 




25.535(103) 




26.712(105) 




26.206(182) 




19 


26.411(179) 


25.545(091) 


25.889(197) 


25.194(049) 


26.967(328) 


25.932(089) 


26.333(349) 


25.436(199) 


20 


26.303(149) 


25.601(089) 


25.351(080) 


25.084(072) 


26.927(179) 


26.056(086) 


26.342(187) 


25.459(145) 


21 


26.512(162) 




25.592(100) 




27.328(296) 




26.208(213) 




22 


26.484(142) 




25.552(037) 








26.246(210) 




23 


27.061(336) 


25.905(130) 


25.705(118) 


25.199(076) 


27.107(319) 


26.573(206) 


25.565(144) 


25.047(129) 


24 


26.656(257) 


25.721(090) 


25.677(068) 


25.191(074) 


27.345(297) 


26.397(153) 


25.458(130) 


25.171(127) 


25 


26.600(288) 




25.529(067) 




26.790(197) 




26.322(256) 




26 


25.744(075) 




26.274(124) 




26.474(195) 




25.796(187) 






58298P = 


43.53 d 


07331P = 44.59 d 


02979P = 


44.91 d 


01732P = 45.00 d 


1 


26.495(216) 


25.602(107) 


25.252(102) 


25.228(127) 


25.705(085) 


25.003(066) 


25.371(112) 


25.001(075) 


2 


26.333(099) 


25.690(157) 


25.528(090) 


25.331(113) 


25.733(108) 


25.112(063) 


25.228(079) 


24.767(099) 


3 


25.928(149) 




25.886(196) 




26.120(204) 




25.843(109) 




4 


26.039(062) 




25.648(130) 




25.834(131) 




25.648(080) 




5 


25.703(165) 


25.288(146) 


25.603(181) 


25.236(106) 


26.245(129) 


25.527(095) 


25.828(087) 


25.168(068) 


6 


25.758(083) 


25.244(102) 


25.993(147) 


25.225(162) 


26.460(311) 


25.441(055) 


25.775(138) 


25.125(091) 


7 

8 


25.775(105) 
25.859(079) 




25.681(119) 
25.965(150) 




26.230(091) 
26.169(095) 




25.764(072) 
25.711(118) 




9 


25.923(096) 




26.622(320)* 




26.259(106) 




25.885(084) 




10 


25.844(099) 




26.008(147) 




26.319(126) 




25.744(082) 




11 


26.091(124) 




25.782(127) 




26.430(122) 




25.863(073) 




12 


25.943(070) 




26.526(218)* 




26.388(182) 




25.947(078) 




13 


25.990(100) 


25.311(056) 


25.945(092) 


25.532(126) 


26.356(112) 


25.593(087) 


25.918(076) 


25.281(047) 


14 


25.931(072) 


25.341(085) 


26.207(136) 


25.961(126)* 


26.283(080) 


25.559(055) 


25.748(124) 


25.131(083) 


15 


26.078(094) 




26.205(135) 




25.976(089) 




25.844(048) 




16 


26.374(110) 




26.099(146) 




26.095(081) 




25.708(070) 




17 


26.107(153) 




26.116(100) 




25.581(097) 




25.780(075) 




18 


26.184(085) 




26.210(120) 




25.519(081) 




25.824(106) 




19 


26.492(110) 


25.653(056) 


25.406(188) 


25.554(116) 


25.444(064) 


25.015(033) 


25.546(064) 


25.092(046) 


20 


26.535(121) 


25.622(090) 


25.766(093) 


25.494(082) 


25.538(093) 


25.084(058) 


25.345(091) 


24.890(104) 


21 


26.445(124) 




25.255(097) 




25.618(056) 




25.371(053) 




22 


26.664(111) 




25.513(083) 




25.506(043) 




25.356(095) 




23 


26.607(233) 


25.871(130) 


26.630(202)* 


25.297(139) 


25.678(058) 


25.090(048) 


25.527(064) 


24.931(057) 


24 


26.561(158) 


25.965(117) 


25.562(071) 


25.330(132) 


25.684(079) 


25.206(073) 


25.383(073) 


24.844(071) 
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# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


25 


26 278(2291 




26 021 ( 1 621 




26 378( 1 301 




25 720( 1 031 




26 


26 465(221 1 




25 577(091 1 




25 318(0871 




25 576(0881 






1 O'^RR P — 
loooor — 


45.25 d 






16143.P = 


46.74 d 


1 Pi^4.R P — 
IDO'lUl 




i 

i 


9fi 390Y 1 SO"! 


OK 070/1 97 s ! 


9fi 1 79f 91 P.^ 
ZD. 1 1 Z^Zlo j 


OK A-\ C/1 1 Q> 

zo.'±io( i iiyj 


or: QQO ( 1 A1 ^ 


OK Qfll (1 1 K\ 


9R zinnf 1 Szi^ 

ZD.^tDU^lo^t j 


ok K%^ {^ 9*^1 


2 


op. qqi f i qnl 


OK fiQI (f\QA\ 


9fi flfi7f 1 39"l 
ZD.UD I y -LDZ J 


9^ ^71 (OQill 


9^ Q1 c i^'n77'l 


9^ 1 71 (nfifil* 


9fi 4SQ^ 1 78 1 ! 
ZD.4:Cty ^-L 1 O j 


OK A~\ 9(0Q9l 
zo.^-Lzi uyz ) 


Q 
O 


Op 1 «Qf 1 C\Q\ 
ZD. lUO^lUO j 




9fi 400/90^ 

ZD.4:DU^ZDO J 




9fi 1 39^ 1 ^fi^ 
ZD. iOZ^lOU ) 








A 
1 


9fi °.n7f 907^ 
ZO.oD * ^zd I ) 




Of. AQ.A( 1 70^ 




ZD.o^tD^lly ) 




OK QPK( 1 97\ 
ZO.oDD^lZ i ^) 




K 
O 


zo.oyo^ioi j 


or: 1 n\ 


9fi ^77 ( 91 1 ^ 


9c: QOOl 1 ^Zll 


op Q99f 1 1 P\ 
ZD. OZZ ^1 ID ) 


OK zlQ/l/nS^1 


orr 701 f 1 QO^ 
ZO. ( Ol^lOZ ) 


9^ 1 AS( 1 091* 


D 


9fi flfi7f 1 9fl'l 


9^ ^Adi&fil 
zo.oo^uoo j 


9fi £R7f 1 87^ 


9c: QQ9/ 1 41 1 


op Q1 A( 1 4Q^ 

ZD.oi'i^i^iy j 


OK ^40(08^1 


9fi 9S1 f 9fl(^'\ :1 
ZD.Zol^ZDD ) 


ok ^S9(non1 


7 

Q 
O 


ok 7Q1 fn . ."! 

ZO. I olyyJoo ) 

OK Q1 Officii ^ 

zo. oio^uyi. j 




9fi AA7('\ 

op. Qq^fi ^qA 




ZD.DOU^ZDZ j 

9fi ^1 Qfl 9A\ 
ZD.Oiyi.LZ4: 1 




ZO. ( ^io^UoD J 

9^ fisn/'n73'\ 

ZO.DOU^U 1 O j 




Q 

y 


ZO.O I <±^Uoo j 




9fi 71 7f 9R9^ 
ZD. ( 1 i l^ZDZ J 




op 7nnf 91 1 ^ 

ZD. I UU^Zl 1 j 




OK QQI f 1 fiQ\ 

zo.oyi^iDo ) 




i n 

1U 


9^ 79nfn7s'\ 

ZO. i ZU^U I O j 




9fi AAA(^ 31 ^ 




Op Pf\7( 1 90'! 
ZD.DD ( I^IZU ) 




op nri9f 1 09^ 

ZD.UDZl^lDZ ) 




12 


9^ ^Q&f 1 1 0^ 
zo.oyo^-L-LU j 




9fi ^zHSf' 1 fi7"l 




9fi ^Q?^ 1 Q^^l 




9^ KS7H 1 1 ~1 




1 9 


OK OA 1 f 1 90"! 




9fi S^^f 1 7(\\ 
ZD. OOO^l 1 U ^ 




9fi 'i'^Af 1 70^ 




op f\QA( 1 Q 




13 


2o ofWOSI 1 


25 1 35(1 071 


Of, 901 fl 27^ 


25 801 (1 121 


OP 7AP( 1 QQl 


25 31 0(071 1* 


OK HRQfl AQ~) 


25 237(0881* 


14 


25 665(0601 

iiO .UUu I WUW J 


25 21 6(1 02") 


26 349( 1 721 


25 803( 1 051 


26 767( 1 791 


25 731 (0891 


26 01 2( 1 061 

iiU . W li I 1UU / 


25 508(0721 


15 










9fi fiS1 f 1 fifi^l 

ZD.UO-L^-LDD J 




9^ 7Q3f 1 ^7^1 
zo. / yo^iu t j 




16 






9fi 1 1 flo^ 




op R7nn 7Q1 




2(S 1 4Qf 1 2(S~1 




17 


25 679(1 1 2"! 




25 833(1 1 41 




26 584(1 641 




26 084(1 331 




18 


25 942(0861 




25 895(0831 




26 927( 1 341 




26 1 66(1 561 




19 


25.885(147) 


25.202(109) 


25.790(098) 


25.298(091) 


26.831(171) 


25.640(119) 


26.335(133) 


25.654(100) 


20 


26 093(1 14"! 


25.181(102) 


25 968(0801 


25 474(0801 


26 717(1951 


2,5 904(0951 


26 400(1711 


25 672(0941 


21 


26 054(1 01 1 




26 086(1 1 31 




26 31 4(1 1 61 

iU.Ol^l 11U J 




26 476(1 341 




22 


26 1 32(096"! 




26 045(0831 




26 788(2471 




26 806(21 21 

zjU .OUU I IZi J 




23 


9fi 33P,n 47~t 


9^ ztf^l H 9fi^ 


9fi 1 RRH 04^1 

ZD. lOU^lUI J 


ZO.ODZ^UDl J 


9fi 1 *\7( 1 nn^i 


9^ 1 1 OH 99~t* 


9^ Q73H 1 1 

ZO .yiO^-LJ_-LJ 


9^ ^01 T 1 00^1 

ZO.OU-L^-LUU ^ 


24 






op A ^ (A (\f\\ 

ZD.'l'JO^lDDJ 


OK 3Q1 f 1 Of)\ 
ZO.OOl^ 1ZU J 






zo. yoo^u 1 z ^ 


ZO. OUU^IUDJ 


25 


2o QS.(Sf1 41 ~1 








OK QQI f 1 




9fi 02(Sf 1 f)8l 

iiU.UiVM .LOO J 




26 


9^ °,9Qf 1 3Q"1 
zo. ozy^j_oy j 








9fi QS^f^l 
zD.yoo^zj_!j 1 










KAKHO p — 


47.14 d 




47.39 d 


r.orcc p — 
OZOOOX^ 


47.42 d 


52170.P — 


47.99 d 




zu.yyo^z'iu ^ 


9fi nnri('nQ7 > \ 




9^ ^n^r 1 n^^i 


9fi Cl9R( 1 9^^ 

ZD.UZO^-LZU 1 


9^ R93^07n > l 


9fi 1 31 ( , 0Q9 > l 

ZD.iO-L^UyZ J 




2 


26.922(207) 


25.971(114) 


25.705(091) 


25.256(113) 


26.036(110) 


25.547(094) 


26.197(073) 


25.301(062) 


3 


26.101(130) 




25.988(174) 




26.350(182) 




26.371(172) 




4 


26.207(125) 




26.080(175) 




26.619(233) 




26.512(148) 




5 


25.912(076) 


25.334(061) 


25.805(101) 


25.434(148) 


26.161(108) 


25.996(105) 


26.737(269) 


25.642(073) 


6 


25.775(125) 


25.392(097) 


26.188(201) 


25.606(116) 


26.291(129) 


25.822(086) 


26.533(112) 


25.571(086) 


7 

8 


26.200(101) 
25.772(160) 




25.999(103) 
25.888(106) 




25.892(090) 
25.936(090) 




26.710(145) 
26.765(137) 




9 


26.152(096) 




26.283(147) 




25.569(080) 




27.124(250) 




10 


26.629(161) 




25.818(105) 




25.547(068) 




26.935(156) 




11 


26.263(097) 




26.128(154) 




25.839(099) 




26.908(200) 




12 


26.271(112) 




26.250(214) 




25.741(111) 




26.859(115) 




13 


26.157(073) 


25.595(078) 


26.145(108) 


25.865(137) 


25.835(084) 


25.425(054) 


26.653(118) 


25.680(110) 


14 


26.509(248) 


25.492(085) 


26.260(174) 


26.076(142)* 


25.604(104) 


25.438(071) 


26.558(112) 


25.682(062) 


15 


26.456(120) 




26.398(197) 




25.829(093) 




26.478(098) 




16 


26.446(146) 




26.206(140) 




25.859(114) 




26.199(072) 
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Table 6 — Continued 



Tr 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


17 


26.483(100) 




26.188(152) 




25.897(117) 




26.094(121) 




18 


26.319(145) 




25.931(113) 




25.765(113) 




26.017(108) 




19 


26.698(199) 


25.701(068) 


25.445(111) 


25.205(081) 


26.132(126) 


25.534(065) 


26.058(098) 


25.344(071) 


20 


27.248(340) 


25.894(095) 


25.500(103) 


25.367(076) 


25.806(084) 


25.500(070) 


26.037(075) 


25.057(111)* 


21 


27.133(156) 




25.502(094) 




26.116(098) 




25.843(076) 




22 


27.249(316) 




25.380(079) 




26.104(132) 




26.054(055) 




23 


26.910(236) 


25.937(115) 


25.815(136) 


25.309(147) 


26.345(140) 


25.864(091) 


25.967(172) 


25.378(119) 


24 


27.028(200) 


26.146(164) 


25.426(140) 


25.346(099) 


26.190(116) 


25.903(113) 


26.112(090) 


25.340(082) 


25 


26.944(209) 




25.553(083) 




26.307(150) 




26.030(126) 




26 


25.956(087) 




25.812(142) 




26.431(171) 




26.373(141) 






04882P = 48.92 d 


68817P = 49.93 d 


15318P = 


51.46 d 


71911P = 


51.99 d 


1 


26.580(212) 


25.925(137) 


25.861(155) 


25.719(170)* 


25.737(075) 


25.333(078) 


25.290(117) 


24.699(107)* 


2 


27.448(367)* 


26.166(111)* 


25.851(155) 


25.428(111) 


25.662(069) 


25.081(062) 


25.049(099)" 


' 24.873(113) 


3 


25.940(140) 




25.592(160) 




25.592(105) 




25.493(107) 




4 


25.927(078) 




25.794(189) 




25.599(073) 




25.385(097) 




5 


25.943(108) 


25.452(077) 


25.993(106) 


25.779(135) 


25.972(118) 


25.331(085) 


25.399(092) 


24.834(105) 


6 




25.470(069) 


26.078(197) 


25.611(101) 


25.911(069) 


25.167(061) 


25.742(139) 


25.010(094) 


7 
8 


25.960(112) 
26.544(250) 




26.120(115) 
25.926(104) 




25.955(077) 
25.824(142) 




25.466(074) 
25.789(133) 




9 


26.204(118) 




25.388(166)* 




26.144(065) 




25.707(141) 




10 


26.321(127) 




25.711(125)* 




26.177(101) 




25.625(104) 




11 


26.473(118) 




26.220(175) 




26.206(101) 




25.840(097) 




12 


26.611(127) 




26.421(232) 




26.026(078) 




25.783(114) 




13 


26.198(164) 


25.582(092) 


26.505(202) 


25.682(155) 


26.150(082) 


25.535(091) 


25.771(109) 


24.973(104) 


14 


26.423(114) 


25.645(060) 


26.540(204) 


25.784(153) 


26.158(086) 


25.191(064)* 


25.668(118) 


25.074(098) 


15 


26.315(137) 




26.461(141) 




26.166(072) 




25.766(074) 




16 


26.514(120) 




26.080(144) 




26.282(090) 




25.845(125) 




17 


26.362(149) 




26.412(194) 




26.497(128) 




25.642(102) 




18 


26.208(161) 




26.332(146) 




26.401(101) 




25.720(111) 




19 




25.849(101) 


26.039(136) 


25.635(127) 


26.710(125) 


25.791(101) 


25.912(164) 


25.240(088) 


20 


26.844(121) 


25.925(077) 


26.056(089) 


25.600(163) 


26.545(147) 


25.833(091) 


25.841(088) 


25.149(120) 


21 


26.697(126) 




25.690(121) 




26.387(089) 




25.725(134) 




22 


26.836(135) 




25.872(115) 




26.459(167) 




25.699(094) 




23 


25.813(079) 


25.494(070) 


25.586(178) 


25.369(116) 


25.544(064) 


25.217(077) 


25.402(108) 


24.945(105) 


24 


25.905(076) 


25.457(076) 


25.544(069) 


25.476(110) 


25.627(063) 


25.107(066) 


25.421(070) 


24.896(091) 


25 


26.599(138) 




26.136(189) 




25.626(087) 




25.419(097) 




26 


25.838(091) 




25.766(160) 




26.045(153) 




25.734(125) 






28132P = 52.24 d 


06581P = 58.98 d 


25965P = 


59.02 d 


06542P = 


59.13 d 


1 


26.453(175) 


25.354(126) 


27.137(286) 


26.085(188) 


25.895(182) 


25.408(125) 


26.177(110) 


25.233(064) 


2 


26.540(213) 


25.731(077)* 


26.164(199) 


25.765(118) 


25.791(131) 


25.450(095) 


26.138(097) 


25.211(048) 


3 


26.758(212) 




26.246(205) 




25.785(214) 




26.141(174) 




4 


26.505(250) 




25.630(115) 




25.925(162) 




26.171(115) 




5 


26.330(121) 


25.325(068) 


26.116(122) 


25.582(155) 


26.189(235) 


25.680(128) 


26.181(084) 


25.589(113)* 


6 


26.480(162) 


25.443(112) 


25.822(292) 


25.019(064)* 


26.201(167) 


25.851(148) 


26.444(151) 


25.492(122) 


7 

8 


26.211(118) 
25.737(110) 




25.800(075) 
25.875(056) 




26.378(192) 
26.465(245) 




26.233(080) 
26.257(113) 
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4L 
Tr 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


9 


25.935(123) 




25.636(130) 




26.295(207) 




25.709(102) 




10 


25.858(096) 




25.933(090) 




26.360(259) 




25.960(063) 




11 


25.988(089) 




26.387(189) 




26.437(226) 




25.965(066) 




12 


25.891(105) 




25.971(106) 




26.486(288) 




25.959(070) 




13 


25.964(078) 


25.325(068) 


26.467(141) 


25.645(140) 


26.179(204) 


25.632(128) 


25.852(074) 


25.193(049) 


14 


25.985(082) 


25.243(078) 


26.128(135) 


25.303(101) 


25.737(182) 


25.785(143) 


25.743(090) 


25.207(070) 


15 


26.037(115) 




26.371(217) 




25.906(132) 




25.766(057) 




16 


25.969(109) 




25.857(133) 




26.057(156) 




25.651(076) 




17 


26.005(109) 




26.665(168) 




25.772(117) 




25.627(102) 




18 


25.973(098) 




26.159(075) 




25.598(081) 




25.704(054) 




19 


26.047(163) 


25.330(070) 


26.185(138) 


25.716(154) 


25.800(134) 


25.397(109) 


25.709(062) 


25.078(048) 


20 


26.181(120) 


25.433(093) 


26.515(130) 


25.468(080) 


25.728(172) 


25.233(107) 


25.724(084) 


25.087(062) 


21 


26.453(108) 




26.669(237) 




25.717(120) 




25.706(104) 




22 


26.046(103) 




26.544(094) 




25.752(140) 




25.759(082) 




23 


26.194(106) 


25.481(120) 


26.892(208) 


25.620(115) 


25.710(099) 


25.386(112) 


25.939(049) 


25.103(058) 


24 


26.294(175) 


25.465(114) 


26.857(179) 


26.036(109) 


25.936(193) 


25.262(171) 


25.993(081) 


25.046(066) 


25 


26.817(279) 




25.652(076) 




26.052(185) 




26.222(110) 




26 


25.874(165) 




26.229(132) 




26.017(212) 




25.790(103) 






53187P = 59.75 d 


69494P = 


60.18 d 


02647P = 


60.68 d 


17049P = 


61.25 d 


1 


25.912(111) 


25.775(091) 


25.823(113) 


25.576(073) 


25.553(061) 


24.792(082) 


25.438(085) 


24.751(062) 


2 


25.989(117) 


25.536(074) 


25.975(098) 


25.473(064) 


25.834(084) 


24.975(076) 


25.272(089) 


24.742(098) 


3 


26.133(162) 




25.927(182) 




25.814(169) 




25.050(128)* 




4 


26.101(157) 




26.413(192) 




25.819(117) 




25.582(128) 




5 


25.996(106) 


25.696(096) 


26.471(190) 


25.465(111) 


25.916(102) 


25.170(099) 


25.438(109) 


24.956(074) 


6 


26.249(170) 


25.688(095) 


26.784(190) 


25.677(100) 


26. 774 (308) * 


25.434(054)* 


25.716(127) 


24.879(098) 


7 

8 


26.418(184) 
26.476(184) 




26.550(132) 
26.415(123) 




26.089(077) 
26.559(143) 




25.618(100) 
25.639(123) 




9 


26.450(157) 




26.434(156) 




26.145(108) 




25.635(112) 




10 


26.367(116) 




26.502(190) 




26.316(128) 




25.554(102) 




11 


26.922(191)* 




26.752(211) 




26.208(149) 




25.554(103) 




12 


26.589(213) 




26.706(298) 




26.056(126) 




26.028(122) 




13 


26.512(160) 


26.112(131) 


26.666(204) 


25.806(116) 


25.980(106) 


25.228(075) 


25.599(079) 


25.128(108) 


14 


25.780(287)* 


26.026(173) 


26.611(168) 


25.836(102) 


26.361(119) 


25.386(083) 


25.777(148) 


25.048(097) 


15 


26.282(162) 




26.809(206) 




25.781(087) 




25.900(109) 




16 


26.171(123) 




26.845(128) 




25.722(098) 




25.900(101) 




17 


26.506(100) 




26.632(160) 




25.338(094) 




26.122(133) 




18 


26.403(142) 




26.931(280) 




25.590(061) 




25.698(124) 




19 


26.113(095) 


25.645(105) 


27.291(293) 


25.911(095) 


25.136(056) 


24.737(066) 


26.231(193) 


25.173(122) 


20 


25.995(093) 


25.621(103) 


26.944(247) 


26.047(135) 


25.198(085) 


25.012(087) 


25.796(179) 


25.318(125) 


21 


25.765(115) 




26.909(242) 




25.328(064) 




25.910(093) 




22 


25.926(079) 




27.478(292) 




25.204(075) 




25.886(119) 




23 


26.056(108) 


25.633(090) 


26.772(230) 


25.728(111) 


25.408(079) 


24.736(081) 


25.974(109) 


24.966(112) 


24 


25.961(093) 


25.879(120)* 


26.451(138) 


25.880(113) 


25.390(084) 


24.795(058) 


26.099(201) 


25.235(169) 


25 


26.143(117) 




26.124(173) 




25.704(075) 




25.498(111) 




26 


26.303(147) 








26.006(126) 




25.493(137) 





19918P = 64.95 d 64757P = 65.03 d 13102P = 66.34 d 45088P = 71.41 d 



-25- 



Table 6 — Continued 



if 


F555W 


F81 4W 

J. Oil V V 


F555W 


F81 4W 

J. Oil V V 


r ooo vv 


F81 4W 

L O J- rfc V V 


r ooo vv 


F81 4W 


1 


25.588(088) 


24.915(089) 


25.949(090) 


25.135(066) 


25.510(091) 


24.923(056) 




26.346(209)* 


2 


25.454(079) 


24.804(083) 


25.928(082) 


25.186(101) 


25.434(072) 


24.984(080) 


26.697(279) 


25.847(198) 


3 


25.702(087) 




26.102(159) 




25.462(068) 




26.578(228) 




4 


25.718(089) 




25.900(108) 




25.451(083) 




26.465(254) 




5 


26.008(107) 


25.189(079) 


26.077(123) 


25.179(070) 


25.688(080) 


24.984(083) 


26.729(229) 


26.144(177) 


6 


26.184(184) 


25.146(083) 


26.051(190) 


25.295(123) 


25.574(154) 


24.984(087) 


26.500(153) 


26.052(166) 


7 
8 


25.956(099) 
25.978(092) 




26.171(077) 
26.335(117) 




25.819(103) 
25.528(128) 




27.028(292) 
26.517(350) 




9 


25.969(111) 




26.208(107) 




25.886(122) 




26.773(316) 




10 


25.987(102) 




26.358(162) 




25.891(113) 




26.099(129) 




11 


25.845(124) 




26.291(104) 




25.951(075) 




26.336(164) 




12 


25.858(109) 




26.090(100) 




25.943(124) 




26.313(192) 




13 


25.781(083) 


25.188(112) 


26.019(148) 


25.252(062) 


26.062(115) 


25.129(068) 


26.228(233) 


25.791(136) 


14 


25.771(113) 


25.222(091) 


26.233(133) 


25.270(079) 


25.979(093) 


25.136(107) 


26.112(160) 


25.900(189) 


15 


25.558(062) 




26.433(223) 




25.976(079) 




25.988(126) 




16 


25.532(068) 




26.392(122) 




25.842(057) 




25.747(229) 




17 


25.424(078) 




26.259(146) 




26.220(122) 




25.913(128) 




18 


25.274(078) 




26.537(166) 




26.023(089) 




25.615(082) 




19 


25.394(073) 


24.592(143)* 


26.785(235) 


25.386(078) 


26.237(133) 


25.418(073) 


25.518(074) 


25.189(108) 


20 


25.341(053) 


24.927(086) 


26.385(098) 


25.383(090) 


26.363(090) 


25.433(097) 


25.519(079) 


25.078(079) 


21 


25.443(069) 




26.661(151) 




26.281(083) 




25.571(083) 




22 


25.436(058) 




26.633(131) 




26.379(078) 




25.652(103) 




23 


25.426(104) 


24.836(092) 


26.343(176) 


25.408(054) 


25.701(083) 


25.093(100) 


25.736(110) 


25.081(077) 


24 


25.486(087) 


24.853(084) 


26.561(162) 


25.441(085) 


25.698(074) 


24.987(072) 


25.622(138) 


24.964(068) 


25 


25.315(081) 




26.582(242) 




25.847(140) 




26.580(257) 




26 


25.418(112) 




26.351(182) 




26.247(176) 




26.794(238) 






03836P = 


73.28 d 


07702P = 


73.76 d 


49485P = 


74.19 d 


23616P = 


82.14 d 


1 


26.006(143) 


25.194(122) 


25.521(109) 


24.995(062) 


25.159(077) 


24.761(072)* 


26.527(101) 


25.424(089) 


2 


25.780(084) 


24.973(066) 


25.539(066) 


24.969(068) 


25.115(101) 


25.081(059) 


26.198(083) 


25.535(093) 


3 


26.203(158) 




25.923(147) 




25.381(107) 




25.818(129) 




4 


26.003(076) 




25.775(080) 




25.347(161) 




25.839(115) 




5 


26.504(108) 


25.511(093) 


25.838(100) 


25.095(057) 


25.369(080) 


24.656(054)* 


25.462(068) 


25.050(070) 


6 


26.088(169) 


25.212(066) 


26.338(201) 


24.954(077) 


25.648(163) 


25.131(082) 


26.051(167) 


25.065(056) 


7 

8 


26.023(090) 
26.097(153) 




25.893(081) 
25.936(086) 




25.523(080) 
25.365(065) 




25.921(062) 
25.622(057) 




9 


25.629(104) 




25.975(088) 




25.449(073) 




25.412(064) 




10 


25.778(064) 




26.107(085) 




25.481(131) 




25.289(088) 




11 


25.914(073) 




26.213(137) 




25.661(105) 




25.387(063) 




12 


25.744(086) 




26.024(090) 




26.019(126) 




25.696(046) 




13 


25.934(097) 


25.171(091) 


26.114(091) 


25.150(071) 


25.579(068) 


24.957(072)* 


25.360(073) 


24.833(076) 


14 


25.675(066) 


25.023(062) 


25.974(070) 


25.208(087) 


25.777(124) 


25.174(092) 


25.584(068) 


25.082(045) 


15 


25.715(087) 




26.194(101) 




25.624(075) 




25.431(094) 




16 


25.472(092) 




26.101(133) 




25.639(145) 




25.488(058) 




17 


25.605(087) 




26.255(129) 




25.471(054) 




25.554(077) 




18 


25.402(075) 




26.384(075) 




25.869(096) 




25.646(036) 




19 


25.511(098) 


24.930(085) 


26.523(183) 


25.694(106) 


25.871(076) 


25.020(063)* 


25.676(111) 


24.833(075) 
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However we note that our determination of Hq in Riess et al. (2009) is insensitive to the value 
of the optical zeropoints and aperture corrections since we will make use of the difference in the 
photometry of Cepheids in NGC 4258 and the SN hosts. 

The impact of blending and crowding on Cepheid magnit udes in optical HST d ata has been 
addressed through Monte Carlo "artificial star" experiments. iFerrarese et al.l (J2000J) have shown 
that the impact of crowding on the measured magnitudes is largely eliminated by application of 
the previously described selection criteria, whose effect is to reject Cepheids that are significantly 
contaminated by a close companion. The presence of significant contamination will alter the shape 
parameters of the Cepheid light curves, reducing the amplitude of variation and flattening the 
"sawtooth" near minimum light (by contributing a greater fraction to the total flux when the 
Cepheid is faint). Alternatively, a partial blend will result in a poor PSF fit and a large reported 
uncertainty, rendering the apparent variabil ity less significant, and also causing a Cepheid candidate 
to fail one or more of the previous criteria. IFerrarese et al.1 (120001) found that for m ulti-epoch data, 



the net crowding bias on the distance modulus is only ~1%. iRiess et al.l (|2005l ) similarly found 
that candidates in "crowded" environments (defined here as having an additional source within at 
least 0.1" which contributes at least ~10% of the peak flux of the variable candidate) usually failed 
one or more of the previously discussed selection criteria. 

The net effect of even modest crowding and blending on the distance scale is further reduced 
by the u se NGC 4258 (inst ead of the LMC or the Galaxy) as an anchor of the distance scale. As 
shown in lRiess et al.l (J2009J), the effect of crowding is reduced to the difference in crowding between 
the SN hosts and NGC 4258, which is negligible as determined from artificial-star tests. 



2.2. Cepheids in NGC 3021, NGC 1309, and NGC 3370 

Here we present the first identification of Cepheids in NGC 1309 and NGC 3021. Each host 
yielded a sufficient number of Cepheids to provide a mean distance precision which is greater than 
the SN it hosts. 

For NGC 1309 we identified 79 Cepheids, all with P > 20 d, providing one of the largest sets of 
extragalactic Cepheids observed by HST. NGC 3021, a third the size of NGC 1309, not surprisingly 
yielded fewer Cepheids, a total of 31 with 27 at P > 20 d. Their light curves are shown in Figures 
3 and 4, and the parameters of the Cepheids are given in Tables 7 and 8. The P-L relations in V 
and I are shown in Figures 5 and 6. 

Cepheid samples in a magnitude-limited survey may suffer selection bias at the short-period 
end due to the loss of Cepheids faint for their period (e.g., Ferrarese et al. 2006, Leonard et al. 
2003). Such Cepheids may fall below the detection limi t or their light cur ves may be dominated by 



blending, reducing the significance of their variability. IRiess et al.l (|2005l ) found this bias to apply 
for those Cepheids with P < 20 d for NGC 3370. This limit applies to NGC 3021 which has similar 
Cepheid magnitudes at a given period as NGC 3370. As seen in Figure 6, the few Cepheids found 
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Table 6 — Continued 



# 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


F555W 


F814W 


20 


25.543(078) 


24.876(065) 


26.491(085) 


25.574(085) 


26.095(257) 


25.557(125) 


25.602(055) 


24.981(046) 


21 


25.571(101) 




26.470(122) 




25.810(155) 




25.646(138) 




22 


25.491(076) 




26.485(100) 




26.062(107) 




25.827(056) 




23 


25.553(086) 


24.847(100) 


26.125(124) 


25.331(107) 


25.678(093) 


25.075(068)* 


26.100(104) 


25.137(105) 


24 


25.706(119) 


25.114(089) 


26.098(080) 


25.438(070) 


25.662(098) 


25.485(124) 


25.910(052) 


25.096(087) 


25 


25.856(102) 




25.527(075) 




25.527(134) 




25.881(122) 




26 


25.720(078) 




25.770(106) 




25.206(087) 




25.851(127) 






19777P = 


82.39 d 


65015P = 


89.04 d 


04908P = 


97.90 d 






1 


25.481(131) 


24.927(089) 


26.073(154) 


25.109(127) 


25.906(107) 


25.072(087) 






2 


25.819(132) 


25.129(077) 


26.073(168) 


25.202(102) 


25.829(089) 


25.004(057) 






3 


25.579(120) 




25.928(163) 




25.911(229) 








4 


25.907(103) 




25.985(180) 




25.872(108) 








5 


25.992(132) 


25.115(110) 


26.405(145) 


25.417(123) 


25.930(102) 


24.917(090) 






6 


26.193(190) 


25.195(098) 


26.263(160) 


25.247(130) 


26.011(146) 


24.911(062) 






7 

8 


26.044(133) 
25.703(124) 




26.390(158) 
26.113(120) 




25.761(091) 
25.502(068) 








9 


25.887(174) 




26.478(218) 




25.402(101) 








10 


25.906(139) 




26.609(198) 




25.400(071) 








11 


25.788(108) 




26.684(290) 




25.558(079) 








12 


26.122(114) 








25.493(077) 








13 


25.939(175) 


25.176(105) 


26.194(242) 


25.843(167)* 


25.498(059) 


24.723(079) 






14 


25.663(119) 


25.185(081) 


26.465(170) 


25.497(171) 


25.423(081) 


24.791(062) 






15 


25.714(133) 








25.393(062) 








16 


25.574(075) 




26.515(195) 




25.390(076) 








17 


25.503(127) 




26.209(142) 




25.465(080) 








18 


25.726(113) 




25.980(130) 




25.435(052) 








19 


25.525(111) 


24.754(079) 


25.897(099) 


25.255(142) 


25.254(072) 


24.612(056) 






20 


25.470(086) 


24.950(071) 


25.814(168) 


25.018(087) 


25.378(071) 


24.729(067) 






21 


25.324(076) 




25.975(163) 




25.338(076) 








22 


25.443(071) 




25.810(096) 




25.364(054) 








23 


25.401(119) 


24.731(077) 


25.741(137) 


25.022(162) 


25.446(077) 


24.522(074)* 






24 


25.300(084) 


24.996(069) 


25.753(109) 


25.040(122) 


25.374(072) 


24.710(067) 






25 


25.869(165) 




25.799(190) 




25.160(097) 








26 


25.793(142) 




26.162(177) 




25.454(066) 









* Data point rejected in light curve fit 

a 1<t uncertainties (units of 0.001 mag) are given in parentheses. 
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with P < 20 d tend to be brighter than expe cted, though n o such bias appears for the Wesenheit 



reddening- free magnitudes (defined in §3; see iMadord Il982l and Figure 8). For NGC 1309, whose 



Cepheids indicate a greater distance than NGC 3370 or NGC 3021, the periods with apparent bias 
rises to P < 38 d (see Fig. 5). Again, the Wesenheit magnitudes do not show this bias at shorter 
periods (see Figure 8). In both cases this would imply that the Cepheids with periods shorter than 
the bias limit suffer a modest amount of blending from bluer sources which is largely removed by 
the color correction. While the Wesenheit magnitudes appear useful at lower periods, it is safer 
to restrict the use of Cepheids to those with periods greater than the range where their selection 
appears biased in the individual passbands. 

Our additional imaging of NGC 3370 in Cycle 15 allowed us to identify new Cepheids with 
periods in excess of the original 60 day campaign as well as a few more at shorter periods. For 
NGC 33 70, we have detect ed 127 Cepheids of which 110 have P > 20 d, nearly double the sample 
found by lRiess et al.l (|2005l ) and reducing the mean wesenheit magnitudes by 0.035 mag. These are 
shown in Figure 7 and their parameters are given in Table 9 (where Ly is the F-band variability 
index). 
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Table 7. Cepheid Candidates in NGC 3021 



id 


a 




<5 


period 




< V > 




< / > 


Ampy 


Amp/ 




to 






(J2000) 


(J2000) 


(days) 




(mag) 




(mag) 


(mag) 


(mag) 






(2400000+) 


31556 


1 A 7 

147. 12 (82 


33 


^^98 
uouzo 


11.17 


07 

2 / 


418 


0.243) 


27 


052 


0.072) 


0.600 


o 


322 





804 


54071 


18 


306 ( z 


1,17 70770 
147. l2({& 


JO 


^470.9 


13.92 


27 


^±oy 


224) 


26 


yyu 


1 ^7~l 


0.618 


n 
u 


429 


1 


187 




fin 


8621. 


1 /I 7 7/1090 

147. /4838 


33 


^009 

UiJUUZ 


15.37 


27 


225 


0.209) 


26 


479 


0.111) 


0.470 


o 


206 





908 


54083 


98 


qi no 
olUz. 


1 AT 7/1 OQ ^ 

14 / . / 4yo0 


33 


55170 


1 Q 71 
lo. ( 1 


2 1 


391 


0.251) 


ZD 


760 


0.121) 


n c;Qf; 


o 


270 





991 


54077 


91 


20 m 4 


147. /3/50 




OOUTll 


20.38 


of; 
26 


770. 


144) 


26 


I 7Q 

I I y 


1 7A\ 


0.44/ 


u 


zuo 


1 


313 




1 

-LU 


1U / oo 


14 / . / 4byo 


33 


55663 


01 1 R 
zl. 10 


07 
Z / 


242 


0.176) 


Of; 
ZD 


349 


0.152) 


U.4DO 





243 


1 


256 


54081 


52 


/I 7QOH 


1 /I 7 7Q/1 1 n 

14 / . / o41U 


33 


55873 


01 Q A 

zl.o4 


2 1 


186 


0.165) 


of; 
ZD 


373 


0.151) 


n a kz. 
U.40O 





212 


1 


300 


54080 


90 


33607 


1 A 7 70HOQ 

147. /208o 


33 


55514 


23.13 


07 

2 / 


328 


0.160) 


26 


626 


0.050) 


0.450 





268 


1 


532 


54084 


59 


32375 


147.72586 


33 


55581 


24.01 


27 


280 


0.210) 


26 


461 


0.148) 


0.552 





301 


1 


530 


54092 


85 


8636. 


147.74871 


33 


55237 


24.36 


26 


848 


0.085) 


26 


116 


0.102) 


0.451 





288 


1 


588 


54083 


61 


32380 


147.72645 


33 


56000 


25.18 


26 


769 


0.095) 


26 


040 


0.134) 


0.560 





346 


2 


752 


54096 


04 


32088 


147.72678 


33 


55614 


25.77 


27 


199 


0.228) 


26 


220 


0.103) 


0.552 





245 


1 


733 


54080 


94 


26946 


147.73211 


33 


54878 


26.84 


26 


816 


0.152) 


25 


974 


0.149) 


0.587 





170 


2 


380 


54102 


95 


9028. 


147.74791 


33 


55032 


31.89 


26 


356 


0.095) 


25 


642 


0.071) 


0.516 





277 


3 


677 


54099 


86 


23149 


147.73688 


33 


55930 


32.53 


26 


633 


0.108) 


25 


713 


0.157) 


0.555 





367 


2 


523 


54104 


49 


30428 


147.72812 


33 


54750 


32.60 


26 


636 


0.123) 


25 


849 


0.088) 


0.576 





244 


3 


384 


54097 


22 


26126 


147.73336 


33 


55230 


34.87 


26 


319 


0.111) 


25 


721 


0.150) 


0.328 





176 


1 


092 


54086 


75 


12135 


147.74553 


33 


55600 


36.50 


26 


743 


0.146) 


25 


721 


0.127) 


0.426 





303 


1 


492 


54092 


92 


31803 


147.72789 


33 


55893 


37.27 


27 


039 


0.114) 


26 


152 


0.156) 


0.486 





353 


1 


601 


54088 


95 


45787 


147.73632 


33 


55657 


37.31 


26 


023 


0.122) 


25 


330 


0.059) 


0.282 





125 





709 


54095 


88 


26545 


147.73249 


33 


54885 


39.57 


26 


327 


0.139) 


25 


461 


0.140) 


0.590 





323 


3 


045 


54089 


38 


9402. 


147.74757 


33 


55109 


39.78 


26 


885 


0.162) 


25 


729 


0.104) 


0.623 





317 


1 


558 


54100 


07 


25375 


147.73388 


33 


55151 


39.95 


26 


359 


0.150) 


25 


850 


0.118) 


0.614 





560 


3 


372 


54083 


58 


9611. 


147.74740 


33 


55142 


40.49 


26 


295 


0.117) 


25 


663 


0.101) 


0.400 





396 





963 


54106 


75 


20415 


147.73892 


33 


55806 


51.51 


26 


551 


0.163) 


25 


467 


0.124) 


0.476 





220 


1 


712 


54088 


40 


12778 


147.74489 


33 


55619 


63.19 


25 


613 


0.070) 


25 


097 


0.095) 


0.278 





198 


1 


265 


54113 


26 


19817 


147.73982 


33 


56093 


68.61 


26 


322 


0.089) 


25 


253 


0.057) 


0.370 





259 


2 


211 


54146 


16 


7098. 


147.75116 


33 


55414 


82.66 


25 


913 


0.129) 


25 


182 


0.138) 


0.344 





186 


1 


127 


54131 


46 


9558. 


147.74734 


33 


55075 


88.18 


26 


884 


0.152) 


25 


435 


0.085) 


0.435 





262 





932 


54164 


64 


12013 


147.74545 


33 


55484 


90.73 


25 


735 


0.065) 


24 


819 


0.094) 


0.237 





119 





757 


54172 


44 


10203 


147.74683 


33 


55170 


95.91 


25 


756 


0.063) 


24 


909 


0.049) 


0.170 





020 





908 


54135 


11 
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Table 8. Cepheid Candidates in NGC 1309 



id 




a 




8 


period 




< V > 




< / > 


Ampv 


Amp/ 




to 






(J2000) 


(J2000) 


(days) 




(mag) 




(mag) 


(mag) 


(mag) 






(2400000+) 


21599 


50 


52930 


-15 


41687 


20.93 


27 


434 





201) 


26 


744 


0.187) 


0.555 





162 


1 


631 


54053 


33 


9778. 


50 


53294 


-15 


38609 


21.98 


27 


453 





199) 


26 


869 


0.194) 


0.513 





279 


1 


159 


54057 


75 


8610. 


50 


53423 


-15 


39811 


23.22 


27 


310 





182) 


26 


615 


0.091) 


0.541 





219 


1 


031 


54064 


55 


6631. 


50 


53610 


-15 


41348 


24.81 


26 


988 





150) 


26 


405 


0.070) 


0.498 





267 


1 


304 


54060 


05 


6737. 


50 


53598 


-15 


41296 


25.45 


27 


336 





217) 


26 


628 


0.152) 


0.541 





279 


1 


291 


54060 


20 


34523 


50 


52358 


-15 


40722 


25.52 


27 


211 





198) 


26 


476 


0.110) 


0.521 





210 


1 


266 


54061 


51 


44606 


50 


51955 


-15 


40855 


25.84 


27 


082 





228) 


26 


699 


0.228) 


0.563 





242 


2 


614 


54059 


06 


48719 


50 


51726 


-15 


40686 


26.70 


27 


142 





167) 


26 


370 


0.098) 


0.516 





142 


1 


036 


54045 


30 


55736 


50 


50417 


-15 


38446 


27.18 


27 


440 





125) 


26 


670 


0.101) 


0.419 





300 


1 


534 


54069 


83 


54039 


50 


50975 


-15 


O O A A C\ 

38449 


27.64 


27 


223 





235) 


26 


415 


0.069) 


0.545 





353 


1 


301 


54057 


11 


41542 


50 


52035 


-15 


39916 


27.71 


27 


075 





141) 


26 


293 


0.103) 


0.463 





222 


1 


187 


54051 


06 


12340 


50 


53212 


-15 


39489 


27.84 


26 


987 





165) 


26 


575 


0.137) 


0.445 





378 


1 


169 


54063 


03 


52644 


50 


51172 


-15 


37853 


29.17 


26 


875 





136) 


26 


244 


0.098) 


0.574 





338 


2 


819 


54064 


19 


2343. 


50 


54025 


-15 


40458 


29.61 


27 


084 





182) 


26 


489 


0.221) 


0.602 





402 


1 


923 


54068 


76 


23076 


50 


52816 


-15 


40843 


30.66 


27 


288 





261) 


26 


467 


0.104) 


0.496 





239 


1 


192 


54061 


02 


85974 


50 


51896 


-15 


40298 


30.86 


26 


900 





155) 


26 


396 


0.104) 


0.521 





301 


1 


776 


54047 


85 


7224. 


50 


53585 


-15 


41538 


30.90 


27 


390 





257) 


26 


555 


0.092) 


0.683 





268 


2 


330 


54050 


49 


7255. 


50 


53427 


-15 


38705 


31.15 


27 


265 





159) 


26 


531 


0.064) 


0.452 





265 


1 


162 


54045 


49 


50024 


50 


51566 


-15 


39516 


31.69 


27 


299 





214) 


26 


290 


0.124) 


0.512 





302 


1 


724 


54048 


75 


59151 


50 


53574 


-15 


41413 


32.61 


26 


772 





174) 


26 


180 


0.082) 


0.445 





241 


1 


602 


54065 


95 


60583 


50 


53360 


-15 


39877 


32.95 


27 


064 





296) 


26 


136 


0.094) 


0.684 





423 


1 


746 


54054 


39 


4322. 


50 


53615 


-15 


38579 


33.25 


26 


793 





132) 


26 


208 


0.068) 


0.612 





327 


2 


840 


54067 


55 


30349 


50 


52525 


-15 


40856 


33.51 


27 


043 





212) 


26 


430 


0.136) 


0.528 





236 





899 


54066 


02 


3108. 


50 


53807 


-15 


38939 


33.71 


26 


989 





180) 


26 


245 


0.149) 


0.472 





238 


1 


974 


54067 


12 


9099. 


50 


53391 


-15 


O C\ T O C 

39736 


33.74 


27 


050 





186) 


26 


379 


0.116) 


0.458 





135 





698 


54057 


49 


30771 


50 


52352 


-15 


o o r\c\ c 


33.74 


27 


297 





228) 


26 


524 


0.124) 


0.530 





266 


1 


816 


54069 


89 


14063 


ou 


ooiyi 


-10 


a ri/i fit; 

4U40O 


34.07 


26 


7^/1 
I 04 


n 
u 


loo ) 


26 


Uoo 


U. 1D1 ) 


0.519 


u 


Oo4 


1 


382 


04UOO 


oil 


59846 


50 


53441 


-15 


40029 


35.12 


26 


831 





157) 


26 


052 


0.173) 


0.475 





144 


1 


036 


54065 


28 


31655 


50 


52487 


-15 


41096 


35.82 


26 


606 





123) 


25 


976 


0.077) 


0.297 





132 


1 


204 


54049 


49 


7868. 


50 


53405 


-15 


38828 


36.17 


27 


244 





184) 


26 


456 


0.080) 


0.472 





270 


1 


354 


54069 


11 


69637 


50 


52730 


-15 


39672 


37.23 


26 


591 





260) 


25 


841 


0.085) 


0.532 





175 


1 


073 


54074 


11 


41024 


50 


52078 


-15 


40182 


38.62 


26 


958 





216) 


26 


440 


0.171) 


0.525 





352 


1 


006 


54043 


19 


34163 


50 


52292 


-15 


39251 


39.34 


26 


687 





183) 


25 


985 


0.090) 


0.423 





282 


1 


016 


54079 


33 


7989. 


50 


53524 


-15 


41099 


39.42 


27 


391 





166) 


26 


482 


0.149) 


0.410 





304 





784 


54055 


14 


44069 


50 


51958 


-15 


40478 


39.90 


26 


868 





213) 


26 


258 


0.117) 


0.487 





367 


1 


629 


54072 


88 


27980 


50 


52622 


-15 


41000 


39.92 


27 


127 





253) 


26 


059 


0.043) 


0.815 





238 


1 


739 


54050 


36 


52975 


50 


51305 


-15 


41224 


40.52 


27 


301 





155) 


26 


533 


0.217) 


0.510 





355 


1 


691 


54067 


73 


7994. 


50 


53392 


-15 


38694 


40.69 


26 


936 





169) 


26 


038 


0.078) 


0.602 





371 


1 


340 


54059 


04 


1166. 


50 


54164 


-15 


39645 


41.11 


27 


386 





175) 


26 


279 


0.062) 


0.514 





270 


1 


478 


54076 


96 


76534 


50 


52410 


-15 


40276 


41.86 


26 


645 





162) 


26 


005 


0.132) 


0.490 





315 





853 


54073 


82 


22918 


50 


52824 


-15 


40865 


42.03 


26 


707 





193) 


25 


889 


0.096) 


0.595 





262 


1 


397 


54071 


01 


2032. 


50 


54017 


-15 


39411 


42.53 


26 


497 





183) 


25 


768 


0.056) 


0.624 





246 


2 


908 


54053 


85 


48747 


50 


51610 


-15 


38609 


42.68 


27 


234 





182) 


26 


373 


0.111) 


0.566 





356 


1 


002 


54079 


41 


67393 


50 


52880 


-15 


39772 


42.74 


26 


533 





131) 


25 


685 


0.061) 


0.443 





162 


1 


433 


54068 


90 


58298 


50 


53507 


-15 


38553 


43.52 


26 


694 





111) 


25 


922 


0.095) 


0.521 





341 


1 


704 


54083 


59 
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Table 8 — Continued 



id 




a 




8 


period 




< V > 




< / > 


Ampv 


Amp/ 


Lv 


to 






(J2000) 


(J2000) 


(days) 




(mag) 




(mag) 


(mag) 


(mag) 






(2400000+) 


7331. 


50 


53498 


-15 


40072 


44.58 


26 


382 


0.145) 


25 


850 


0.092) 


0.377 





195 


1 


042 


54080 


80 


2979. 


50 


53940 


-15 


40977 


44.90 


26 


467 


0.123) 


25 


737 


0.073) 


0.503 





320 


3 


097 


54076 


82 


1732. 


50 


54059 


-15 


39462 


45.00 


26 


252 


0.094) 


25 


525 


0.096) 


0.261 





170 


1 


854 


54082 


39 


19368 


50 


52978 


-15 


40833 


45.25 


26 


566 


0.158) 


25 


759 


0.117) 


0.442 





238 


1 


308 


54065 


50 


49584 


50 


51619 


-15 


39832 


45.67 


26 


838 


0.143) 


26 


046 


0.107) 


0.409 





322 


1 


434 


54082 


05 


16143 


50 


53022 


-15 


39054 


46.74 


27 


014 


0.173) 


26 


015 


0.090) 


0.476 





296 


1 


459 


54058 


63 


15346 


50 


53148 


-15 


40689 


46.85 


26 


746 


0.147) 


25 


925 


0.081) 


0.409 





091 


n 
U 


*700 


54068 


16 


54502 


50 


50920 


-15 


39192 


47.13 


26 


996 


0.205) 


26 


100 


0.080) 


0.666 





332 


1 


593 


54075 


84 


59642 


50 


53436 


-15 


39644 


47.39 


26 


428 


0.155) 


25 


925 


0.071) 


0.379 





311 


1 


889 


54059 


19 


52566 


50 


51322 


-15 


40390 


47.41 


26 


641 


0.105) 


26 


095 


0.092) 


0.425 





331 


1 


436 


54088 


98 


52170 


ou 


OloOU 


- ±0 


QQQQ1 


47.99 


26 


Q1 ^ 


U. 104 ) 


25 


y^u 


U.UZ4 j 


0.520 


u 


9^ 
ZOO 


2 


161 


O^IUOO 


QQ 

yy 


4882. 


50 


53701 


-15 


41209 


48.91 


26 


808 


0.158) 


26 


046 


0.087) 


0.576 





246 


1 


970 


54084 


46 


68817 


50 


52830 


-15 


40526 


49.93 


26 


578 


0.160) 


26 


036 


0.081) 


0.406 





190 


1 


546 


54086 


75 


15318 


50 


53038 


-15 


38675 


51.46 


26 


562 


0.088) 


25 


781 


0.124) 


0.615 





354 


2 


909 


54055 


96 


71911 


50 


52661 


-15 


40578 


51.99 


26 


207 


0.098) 


25 


447 


0.057) 


0.287 





169 


1 


137 


54059 


51 


28132 


50 


52604 


-15 


40768 


52.24 


26 


820 


0.129) 


25 


815 


0.068) 


0.405 





073 





883 


54084 


04 


6581. 


50 


53598 


-15 


41154 


58.98 


26 


810 


0.262) 


26 


005 


0.177) 


0.637 





254 


1 


363 


54073 


09 


25965 


50 


52610 


-15 


39321 


59.02 


26 


562 


0.148) 


25 


964 


0.071) 


0.371 





265 





757 


54100 


04 


6542. 


50 


53606 


-15 


41233 


59.12 


26 


575 


0.093) 


25 


663 


0.020) 


0.311 





220 


1 


889 


54096 


28 


53187 


50 


51202 


-15 


39909 


59.75 


26 


757 


0.119) 


26 


179 


0.098) 


0.300 





191 


1 


006 


54113 


61 


69494 


50 


52808 


-15 


40923 


60.17 


27 


077 


0.173) 


26 


150 


0.087) 


0.619 





250 


1 


337 


54069 


54 


2647. 


50 


53992 


-15 


40867 


60.67 


26 


278 


0.127) 


25 


452 


0.097) 


0.553 





305 


3 


064 


54115 


54 


17049 


50 


53025 


-15 


39867 


61.24 


26 


272 


0.154) 


25 


415 


0.137) 


0.363 





189 





959 


54082 


07 


19918 


50 


52958 


-15 


40892 


64.94 


26 


241 


0.086) 


25 


425 


0.093) 


0.351 





189 


2 


152 


54082 


93 


64757 


50 


53107 


-15 


40794 


65.03 


26 


796 


0.138) 


25 


710 


0.041) 


0.345 





156 





934 


54107 


87 


13102 


50 


53150 


-15 


38948 


66.34 


26 


331 


0.115) 


25 


506 


0.076) 


0.539 





243 


2 


231 


54113 


61 


45088 


50 


51857 


-15 


39463 


71.40 


26 


699 


0.197) 


25 


912 


0.156) 


0.662 





607 


2 


057 


54128 


10 


3836. 


50 


53789 


-15 


40643 


73.27 


26 


390 


0.128) 


25 


504 


0.120) 


0.401 





195 


1 


401 


54066 


32 


7702. 


50 


53554 


-15 


41410 


73.76 


26 


473 


0.110) 


25 


596 


0.089) 


0.615 





342 


1 


718 


54094 


45 


49485 


50 


51648 


-15 


40236 


74.19 


26 


071 


0.155) 


25 


670 


0.045) 


0.451 





267 


1 


158 


54099 


77 


23616 


50 


52841 


-15 


41752 


82.13 


26 


481 


0.178) 


25 


579 


0.091) 


0.450 





242 


1 


307 


54107 


33 


19777 


50 


52881 


-15 


39393 


82.38 


26 


246 


0.135) 


25 


437 


0.105) 


0.325 





193 


1 


002 


54128 


08 


65015 


50 


53048 


-15 


40066 


89.03 


26 


625 


0.137) 


25 


576 


0.087) 


0.343 





238 


1 


220 


54084 


36 


4908. 


50 


53644 


-15 


40175 


97.89 


26 


201 


0.098) 


25 


247 


0.069) 


0.309 





210 


1 


559 


54115 


33 
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Table 9. Cepheid Candidates in NGC 3370 



id 




a 


<5 


period 




< V > 




< / > 


Ampy 


Amp/ 


Lv 


to 






(J2000) 


(J2000) 


(days) 




(mag) 




(mag) 


(mag) 


(mag) 






(2400000+) 


88045 


161 


77365 


17.27522 


14.45 


27 


620 





262) 


26 


950 





179) 


0.526 





228 


1 


523 


54087 


72 


35527 


161 


76834 


17.26353 


15.09 


27 


634 





188) 


26 


544 





134) 


0.450 





493 


1 


255 


54074 


51 


8849. 


161 


75805 


17.27787 


15.39 


27 


414 





215) 


26 


445 





074) 


0.615 





318 


1 


662 


54085 


07 


52153 


161 


78670 


17.27016 


15.77 


27 


495 





188) 


26 


804 





142) 


0.557 





293 


1 


502 


54088 


84 


2204. 


161 


75537 


17.28996 


16.22 


27 


626 





135) 


26 


723 





118) 


0.479 





273 


1 


749 


54071 


32 


24497 


161 


76928 


17.28204 


16.78 


27 


609 





256) 


26 


737 





175) 


0.556 





438 


1 


757 


54084 


18 


4668. 


161 


75797 


17.28751 


17.26 


27 


494 





251) 


26 


660 





110) 


0.563 





277 


1 


310 


54081 


86 


78990 


161 


T C O O O 

76383 


17.26409 


17.37 


27 


381 





182) 


26 


474 





217) 


0.498 





297 


1 


892 


54077 


47 


2638. 


161 


75400 


17.28417 


17.46 


27 


290 





179) 


26 


530 





042) 


0.586 





459 


2 


549 


54081 


90 


37156 


161 


76811 


17.26012 


17.84 


27 


603 





138) 


26 


792 





165) 


0.551 





313 


2 


003 


54086 


86 


9842. 


161 


75587 


17.26928 


18.39 


27 


747 





321) 


27 


056 





180) 


0.593 





224 


1 


623 


54075 


80 


11908 


161 


76236 


17.28264 


18.76 


27 


238 





173) 


26 


209 





150) 


0.400 





126 


1 


463 


54088 


84 


8367. 


161 


75989 


17.28410 


18.88 


27 


693 





250) 


26 


772 





249) 


0.607 





282 


1 


741 


54078 


46 


44450 


161 


77260 


17.25851 


19.10 


27 


693 





248) 


26 


843 





130) 


0.556 





350 


1 


411 


54078 


88 


5394. 


161 


75420 


17.27504 


19.21 


27 


432 





181) 


26 


475 





168) 


0.544 





272 


2 


211 


54080 


20 


21444 


161 


76766 


17.28206 


19.64 


27 


452 





222) 


26 


525 





114) 


0.477 





271 


1 


670 


54090 


17 


52086 


161 


78246 


17.25879 


19.91 


27 


201 





122) 


26 


347 





053) 


0.500 





418 


2 


413 


54089 


91 


45559 


161 


78086 


17.27835 


20.21 


27 


272 





172) 


26 


524 





119) 


0.567 





414 


2 


188 


54076 


41 


45280 


161 


77907 


17.27414 


20.27 


27 


603 





215) 


26 


766 





225) 


0.570 





259 





854 


54077 


95 


51454 


161 


78510 


17.26936 


20.51 


27 


328 





166) 


26 


400 





062) 


0.434 





176 


1 


151 


54083 


93 


50670 


161 


77931 


17.25660 


20.52 


27 


237 





131) 


26 


399 





140) 


0.479 





241 


2 


157 


54079 


69 


26546 


161 


76597 


17.26987 


21.57 


27 


028 





206) 


26 


160 





054) 


0.472 





068 


1 


625 


54080 


85 


11992 


161 


75778 


17.26972 


21.78 


27 


509 





192) 


26 


547 





082) 


0.587 





319 


1 


590 


54093 


66 


10540 


161 


76365 


17.28919 


21.79 


27 


442 





243) 


26 


607 





153) 


0.578 





245 


1 


771 


54092 


36 


51357 


161 


78000 


17.25566 


23.43 


27 


198 





144) 


26 


349 





088) 


0.517 





349 


2 


023 


54092 


68 


871.0 


161 


75495 


17.29607 


23.66 


27 


329 





165) 


26 


322 





130) 


0.543 





281 


2 


276 


54091 


36 


8807. 


101 


( OOoZ 


17.28007 


23.72 


27 


AQA 

4o4 


n 

u 


1 tr.Q\ 

looj 


26 


A 

4zo 


n 
U 


1 oo\ 


0.524 


u 


1 *7K 
1/0 


1 


537 


KA HQ K 

04UO0 


o4 


47494 


161 


77627 


17.25957 


24.43 


27 


215 





195) 


25 


988 





101) 


0.532 





217 


2 


100 


54073 


89 


23575 


161 


76105 


17.26054 


24.46 


27 


310 





123) 


26 


353 





108) 


0.448 





273 


1 


512 


54099 


40 


47059 


161 


77441 


17.25595 


24.49 


27 


332 





190) 


26 


402 





090) 


0.589 





436 


1 


913 


54098 


58 


53228 


161 


78689 


17.25998 


24.73 


27 


490 





198) 


26 


634 





141) 


0.487 





289 


1 


719 


54085 


77 


61720 


161 


75875 


17.28389 


25.43 


26 


630 





137) 


25 


724 





114) 


0.429 





236 


1 


991 


54082 


44 


21354 


161 


76299 


17.26917 


25.59 


27 


131 





220) 


26 


459 





105) 


0.380 





271 


1 


186 


54097 


74 


23818 


161 


76845 


17.28078 


26.33 


27 


098 





230) 


26 


043 





109) 


0.486 





230 


1 


355 


54095 


29 


22838 


161 


76132 


17.26232 


26.38 


27 


246 





157) 


26 


248 





193) 


0.476 





256 


1 


916 


54085 


26 


81239 


161 


77044 


17.27853 


26.42 


27 


013 





192) 


26 


342 





134) 


0.551 





430 


1 


258 


54082 


13 


39583 


161 


77518 


17.27540 


26.87 


26 


958 





213) 


26 


006 





185) 


0.552 





157 


1 


950 


54086 


41 


18872 


161 


76209 


17.27022 


27.02 


27 


024 





160) 


26 


347 





118) 


0.583 





480 


2 


014 


54076 


36 


22029 


161 


76515 


17.27416 


27.32 


26 


772 





221) 


25 


836 





149) 


0.422 





036 


1 


325 


54084 


89 


48470 


161 


78219 


17.27266 


27.35 


27 


344 





201) 


26 


261 





193) 


0.518 





259 


1 


982 


54079 


93 


5744. 


161 


75647 


17.28052 


27.74 


27 


299 





131) 


26 


232 





106) 


0.755 





352 


2 


625 


54090 


86 


51334 


161 


78015 


17.25611 


28.79 


27 


496 





266) 


26 


509 





088) 


0.669 





476 


2 


088 


54100 


09 


49159 


161 


77565 


17.25210 


29.07 


26 


890 





183) 


26 


049 





116) 


0.512 





366 


2 


097 


54107 


61 


4531. 


161 


75831 


17.28893 


29.23 


27 


124 





162) 


26 


124 





128) 


0.581 





276 


1 


516 


54092 


40 


62219 


161 


75791 


17.28025 


29.43 


27 


323 





242) 


26 


218 





172) 


0.785 





434 


2 


143 


54088 


70 
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Table 9 — Continued 



id 




a 




S 


period 




< V > 




<I> 


Ampy 


Ampj 




w 


to 






(J2000) 


(J2000) 


(days) 




(mag) 




(mag) 


(mag) 


(mag) 






(2400000+) 


46992 


1D1 


77/1 
( i 4o0 


"i 7 
1 1 


9^7 A 1 
ZO ( 41 


29.60 


z7 


iiy 


n 
U 


91 

zlo ) 


26 


1 £2 

loo 


n 
U 


07^ 


0.627 


u 


070 
z ( 


z 


739 


f^/l 1 Ol 

041U1 


1 9 

1Z 


4032. 


1 R1 
101 


7^1 ^A 
i 0104 


"i 7 
1 / 


9QQA9 

zyy4z 


29.78 


26 


/ OO 


u 


1 1 A\ 
114 J 


25 


oyo 


n 

U 


1 1 °^ 

llOl 


n C/17 
U.o4/ 


u 


9AQ 

Z4y 


3 


155 


^AOQ^ 

04uyo 


si 

ol 


51430 


101 


( ouoy 


1 7 
1 < 


9C71 O 

zo 1 iy 


30.43 


27 


4Uo 


n 
u 


907^ 

zU ( ) 


26 


oOz 


n 
U 


1 9fi\ 
1ZO j 


0.518 


u 


OA A 
Z44 


1 


715 


f^/l 1 Ol 
041U1 


9Q 
ZO 


27556 


101 


I I lOD 


"i 7 
1 / 


oqaoi 

Zo4Ul 


30.69 


27 


909 
ZUZ 


n 
u 


14U 1 


26 


997 
ZZ / 


n 
U 


1ZO J 


0.421 


u 


9^0 
ZOU 


1 


872 


r^AOQA 
04Uy4 


A1 
40 


19943 


1 R1 
1D1 


7«9A tr 
1 OZ40 


"i 7 
1 / 


zoyoo 


30.80 


26 


^£9 
OoZ 



u 


Uoo 1 


25 


SA^ 
040 




U 


Uo4 J 


0.343 


u 


90R 
ZUO 


1 


649 


04UOO 


A7 
1 i 


35299 


1 R1 
101 


771 9^ 
/ i 1ZO 


"i 7 
1 1 


971 7°. 
Z ( 1 i O 


31.20 


26 


4oO 


n 
u 


IOZ ) 


25 


ooy 


n 
U 


1 OQ 1 ! 

iuy ) 


0.371 


u 


91 & 
Zlo 





759 


^A1 OO 
041UU 


oO 


13380 


101 


7^1 QA 
i oiy4 


1 7 
1 / 


z ( ooy 


31.74 


26 


A77 
4 it 


n 
u 


1 9f^ 
1ZO 1 


ZO 


ouo 


n 
U 


1 09 1 * 
1UZ J 


0.261 


A 

u 


1 (\0 
IOZ 


U 


810 


^AOSO 
04UOU 


07 


13249 


1D1 


7(^90°. 

I ozuo 


"i 7 
1 / 


97091 
z 1 y z 1 


31.78 


z 7 


U1U 



u 


1 Q^^ 

iyo j 


26 


1 so 

loU 




U 


1 A1 ~\ 
141 j 


0.440 


u 


97A 
Z ( 4 


1 


494 


^A1 09 
041UZ 


OO 


32684 


1 R1 
1D1 


I ( UOo 


"i 7 
1 / 


97/I/17 
Z ( 44 / 


32.04 


26 


R90 
OZU 


u 


100 ) 


25 


^1 1 
Oil 


n 
U 


llO ) 


0.460 


n 
\) 


979 
Z ( z 


1 


661 


^A1 OA 
041U4 


79 
( z 


15081 


1 R1 
101 


7^ err: /i 
1 0004 


"i 7 
1 / 


ZoOo4 


32.56 


27 


OIU 



u 


IOO ) 


26 


9S1 
Zol 


n 
U 


U 1 OJ 


0.423 


n 
U 


^A^ 
040 


1 


419 


04UOO 


OQ 

uy 


4710. 


1 R1 
1D1 


1 004 1 


"i 7 
1 / 


90090 
ZoOZU 


32.62 


07 

z 7 


9^1 
ZOl 



u 


1 ^O^ 
IOU j 


26 


1 ^O 
IOU 


n 
U 


1 o^^^ 

lUo j 


0.470 


n 
u 


907 
ZU 1 


1 


513 


^A1 02 
041UO 


9--1 
Z4 


18200 


1D1 


7^1 1 fi 
(Olio 


1 7 
1 < 


ZO0O0 


32.87 


07 

z 7 


UUl 


u 


10U J 


or 

ZO 


oy4 


n 
U 


1 o/1^ 

1U4 j 


0.463 


A 

U 


oUO 


z 


oy 7 


K.A OOO 

04uyu 


7A 
l 4 


26416 


1 R1 
1D1 


7£AQ7 
I O4o 1 


"i 7 
1 / 


9(^700 
ZO 1 UU 


33.40 


Q7 

27 


U44 


n 
u 


1 7S> 
1 / J 


25 


OOl 


n 
U 


Uo4 j 


0.495 


n 
u 


1 89 
loZ 


1 


799 


^A0Q7 
04Uy 1 


9fi 
ZO 


52428 


1 R1 
101 




"i 7 
1 / 


ZOUOO 
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2.3. Long-Period Cepheids 



The initial HST imaging campaigns of the SN hosts were too brief to reliably identify Cepheids 
with P > 60 d as their duration was shorter than a full pulsation cycle. While long-period Cepheids 
are rarer than their older cousins, their greater brightness and contrast makes them easier to detect 
and they are very valuable for extending the range of Cepheids as distance indicators. At P > 100 d, 
the P-L relations flatten (e.g., Freedman e t al. 1992) and such Cepheids require the use of different 
relations as discussed bv lBird et al.l (|2009l ). While we have as yet no Cepheids with P > 100 days 
in our sample, in the future such objects could be useful for extending the range to which SNe la 
may be calibrated. 

For the three SN hosts exclusively observed with ACS (NGC 3370, 1309, and 3021), we have 
identified a total of 39 and 18 Cepheids with periods greater than 60 and 75 d, respective ly. For NGC 



4258 w e identified additional Cepheids using the new epochs beyond those analyzed bv lMacri et al 



(|2006h . 149 in all including 68 with P > 20 d, 6 with P > 60 d, and 3 with P > 75 d. The optical 
Cepheid data for NGC 4258 are given bv lMacri et al.1 (120091 ). In Table 10 we indicate the number 
of Cepheids with long periods found in the previously discussed hosts. 

The new epochs of imaging of the three hosts initially observed with WFPC2 (NGC 3982, 
NGC 4536, and NGC 4639) also enabled the discovery of new Cepheids at P > 60 d not previously 
identified. However, the fractional coverage of these hosts is less, limited by the smaller field of 
WFPC2. To look for such objects we retrieved the WFPC2 data which originated from programs 
GO-5427, GO-5981, and GO-8100 (SN la HST Calibration Program, P.I. Sandage) to combine with 
the Cycle 15 data from our SHOES (Supernovae and Hq for the Equation of State) program. These 
data were processed in the same manner as the ACS data described in the previous section while 
making use of the latest WFPC2 CTE corrections. The search for Cepheids in these hosts netted 
a dozen Cepheids with P > 60 d to augment those previ ously detected in the ori ginal analyses of 
Saha et al. (1996, 1997, 2001), iGibson et all (j200oh and Istetson fc Gibson I (hoOll) Fl Additio nal 
imaging might reveal so-called "ultra long-period Cepheids" (P > 100 d; e.g.. iBird et al.ll2009l ) of 
future value. 



2.4. Cepheid Homogeneity 

The reliable use of Cepheids along the distance ladder relies on their homogeneity. To test 
this we constructed composite light curves in the well-sampled V band, as shown in Figure 9. We 
limited inclusion to long period Cepheids, i.e., those with P > 10 d, resulting in averages of 20 to 
40 d in the hosts. We find that these mean light curves in each galaxy to be quite homogeneous. 
Table 11 gives the mean half-amplitude for the SN hosts, each of which is measured to 1% to 2% 



4 We rediscovered ~90% the Cepheids presented in the previous analyses. For these Cepheids we found a negligible 
difference (0.3 d) in their mean period, with a dispersion about the difference of 1.3 d. 
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Table 9 — Continued 
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Table 10: Long-Period Cepheids 



Host 


SN la 


P > 60 d 


P > 75 d 


NGC 4536 


SN 1981B 


5 


4 


NGC 4639 


SN 1990N 


2 


1 


NGC 3982 


SN 1998aq 


5 


3 


NGC 3370 


SN 1994ae 


19 


10 


NGC 3021 


SN 1995al 


6 


4 


NGC 1309 


SN 2002fk 


14 


4 


NGC 4258 




6 


3 



precision and is consistent with the sample average of 0.48, including that of the inner field of NGC 
4258. The exception may be the outer field of NGC 4258 whose mean is 13% lower than the sample 
mean, though this difference is not significant due to the small number of long-period Cepheids in 
this field. Individual half-amplitudes for the Cepheids range from 0.15 to 0.80 mag. 

There are pertinent reasons why the mean shape or amplitude of the light curve might vary 
from galaxy to galaxy. A difference in blending would alter the apparent amplitudes, reducing 
them in the presence of gre ater blending. Chemical composition may also affect Cepheid amplitudes. 
Paczvhski k, Pindorl (|2000l ) found that the mean amplitude of Cepheids in the Galaxy is 7% greater 
than in the LMC, and the mean amplitude of Cepheids in the Small Magellanic Cloud is 25% smaller 
than in the LMC; they suggested that a natural explanation for the difference is their relative metal 
content. This difference would be in the same direction as the low metallicity of the outer region of 
NGC 4258, though more data would be required to see if this is a significant diff erence. Pulsation 
models also indicate a dependence between amplitude and chemical composition (jBono et al.lll999l : 
Marconi et al.ll2005l ). Finally, Cep heid amplitudes also vary with temperature or color, resulting in 
the amplitude-color relations (e.g.. iKanbur fc Ngeowl 12006 ) . 



The 2% limit on the difference in the mean of the half amplitude for NGC 4258 (inner field) 
and the SN hosts constrains the differential blending between NGC 4258 and the SN hosts to < 5% 
of the mean Cepheid flux. The uniformity of the observed amplitudes is also consistent with the 
finding in §3 that the metallicities near the Cepheids are homogeneous. 

In Figure 10 we show the composite light curves of all Cepheids with P > 60 d. These have 
lower mean amplitudes, as expected, but the characteristic sawtooth shape clearly demonstrates 
their authenticity. 



3. Cepheid Metallicities and Pulsation Relations 



Past work (IKochanekl Il997l ; iKennicutt et al.1 Il998l : ISakai et al.1 12004 : iMacri et al.1 12009 ) has 

demonstrated a significant dependence between the apparent magnitudes of Cepheids at a fixed 



Table 11: V-Band Half- Amplitudes 



Host Mean V (a) a from sample mean No. P > 10 d 



NGC 3370 0.486(0.011) 0.56 130 

NGC 1309 0.474(0.013) -0.48 86 

NGC 3021 0.464(0.020) -0.78 33 

NGC 4536 0.467(0.024) -0.54 34 

NGC 3982 0.490(0.019) 0.56 37 

NGC 4639 0.483(0.017) 0.14 30 

NGC 4258i 0.472(0.011) -0.72 144 

NGC 4258o 0.418(0.045) -1.39 7 



period and the metallicity in the environment of the Cepheid. This dependence and its uncertainty 
propagates a s one of the largest sou rces of systematic error in the Hubble constant measured via the 
LMC, ~. 



( Freedman et al.l 2001 



The SHOES program was designed to mitigate the sensitivity 
of the Hubble constant measurement to metallicity by 1) utilizing Cepheids in a narrow range of 
the metallicity parameter [O/H], an d by 2) measuring Cepheids in the near-infrared where the 
metallicity depend ence is diminished (jAlibert et al.lll999l ; iPersson et al.l 12004 ; iMarconi et al.ll2005l ; 
Gieren et allbood ). 



Nevertheless, to account for even a modest metallicity dependence and its uncertainty, we 
measured the [O/H] abundance from 93 H II regions in the vicinity of the Cepheids in all of the 
galaxies i n Table 2 using s lit masks with the Low Resolution Imaging Spec trometer on the K eck I 
telescope (jOke et al.lll995T ). Our analysis metho ds are described in §2.5 of lRiess et al.l (|2005l ) and 
follow the calibration from IZaritskv et al.l ( 19941 ). for which [0/H] so i ar = 7.9 x 10~ 4 and the solar 
abundance is 12 + log[0/H] = 8.9. The result is the measurement of a gradient in 12 + log[0/H] 
for each galaxy across the deprojected radii occupied by the Cepheids (Table 12), as shown in 
Figure 11. The intercepts and gradients were used to estimate the metallicity at the deprojected 
radius of each individual Cepheid. 



Table 12: Metallicity (12 + log[0/H]) of SHOES Hosts 

Host at r — 30" change per 10" avg. at Cepheid positions dispersion 

NGC1309 9.013 -0.098 8J0 019 

NGC3021 9.018 -0.224 8.94 0.25 

NGC4536 9.104 -0.025 8.79 0.12 

NGC4639 9.130 -0.086 8.96 0.14 

NGC4258 Q 9.015 -0.006 8.94 0.05 

NGC3370 9.030 -0.090 8.82 0.19 

NGC3982 8.998 -0.152 8.74 0.25 



For inner field of Macri et al. (2006); outer field average = 8.72, dispersion = 0.03. 
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The mean value of 12 + log[0/H] at the positions of the Cepheids in the SN hosts is quite 
similar to that in the inner field of NGC 4258, with a difference that is less than the dispersion of the 
means of the SN hosts. This statement is independent of the normalization of the metallicity scale 
as it depends on the difference in metallicity. Thus, a correction to the distance scale is unwarranted 
when comparing these CepheidsJ§ The exception is the outer field of NGC 4258 whose values are 
determined to be 8.72 ± 0.03. 

Interestingly, the metallicities of the Cepheids in the SN hosts and the inner field of NGC 
4258 are very similar to the solar neighborhood va lue of 8.9 and the value of 8.81 measured for 
68 Galactic Cepheids (jAndrievskv et al.l 120021 12004 ) . Thus, in principle, Galactic Cepheids could 
provide a suitable calibration of the luminosities of our Cepheid sample in the SN hosts independent 
of NGC 4258. In practice, the calibration of Galactic Cepheid luminosities is compromised by the 
precision and accuracy of their distance estimates, their large extinction, and the inhomogeneity of 
their photometry. 



Sandage Tammannl ((2008) contend that the slope of the Cepheid P-L relation is sensitive 



to chemical composition and that solar-metallicity Cepheids used in the distance scale should be 
calibrated with Galactic Cepheids. This conclu sion could have i mpor tant consequences for the 
determination of the distance scale via the LMC. iTammann et al.l (|2003l ) used a mixture of Baade- 
Becker-Wesselink and cluster-based distance estimates to Galactic Cepheids to calibrate the F-band 
and /-band P-L relations which should then be applicable to the solar-metallicity Cepheids in SN la 
hosts. Corrections for the extinction of Cep heids in SN host s are subsequently made by the use 
of two colors and a Galactic reddening law (jSaha et al.l 120061) . This i s equi valent to the use of a 
"Wesenheit reddening-free" mean magnitude, m w , defined by iMadord (|1982l ) as 



my — R{my — mi) 



. logP + b v 



(3) 



where R = Ay /{Ay 
respectively. 



Ai), and a w and b w are the slope and intercept of this P — w relation, 



The Tammann et al. (j2003l ) Cepheid a nalysis proy i des a s lope for the P—w relation in equation 
(3) of —3.75 ± 0.09 mag, which is used by ISaha et al.1 (120061 ) to determine distances to the SN la 
hosts. This slope is the steepest estimate of the Galactic relation t o date (IT amman n et al.1 12003) 
and is much steeper than the LMC P — w slope of —3.2 to —3.3 mag (jUdalski et al.lll999l ). Because 
the mean period for Cepheids seen in SN hosts, < P >= 30 — 35 days, is longer t han that in the 
< P >= 5 days, this steeper slope results in the b ulk of the 15% increase in the I Sandage et al 



LMC, 



(|2006l ) determination of the distance scale from that of lFreedman et al.l (|200ll ). 



5 However, even using the ISakai et al.l l|2004h zeropoint relation of S(m — M)<5[0/H] = —0.24 ± 0.05 and these 
Cepheids to calibrate the distance scale would result in a modest 1% correction to the Hubble constant with a 
systematic error of 0.2%, a substantially reduced sensitivity from past use of LMC Cepheids and their values of 12 
+ log[Q/H] = 8.5. 
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As seen in Table 12, the measurements here provide the la rgest sample of Cepheids to date with 
solar metallicity (mean 12 + log[0/H] = 8.9), long periods (jKanbur Ngeowl 12004 . beyond the 
break in the LMC relation at P = 10 d), and uniform measurements. Here we use them to measure 
the slope of the P — uu relation, whose value is vital to measurements of the Hubble constant. 

For the Cepheids in each host we fit equation (3) to determine the slope and zeropoint. We 
used an iterative clipping of ±3cr from the mean to remove outliers and limited the fit to Cepheids 
with 10 < P < 100 d to avoid the possibility of a break at P = 10 d and a change of slope at 
P > 100 days (Bird, Stanek, and Prieto 2009). In the SN hosts we also limited the Cepheids to 
20 < P d to mitigate selection as discussed in §2.2. We did not include the outer field of NGC 
4258 because it has too few Cepheids (7 with P > 10 d, 2 with P > 20 d) to yield a reliable result. 
The values and uncertainties of the slopes based on the 445 Cepheids are given in Table 13, and 
the results are plotted versus the host metallicity in Figure 12. The mean slope for all Cepheids 
was —2.98 ± 0.07 mag. Changing the lower period cutoff to P > 10 d for the Cepheids in the SN 
hosts gives a mean of —3.00 ±0.07 mag. Setting the lower period cutoff for each galaxy individually 
based on the completeness boundaries like those shown in Figures 6 to 8 yields a mean slope of 
—2.98 ± 0.08 mag. Overall, we found the mean slope to be insen sitive to the peri od range, with 
a moderately shallower slope at th e longest periods as expect ed (jBird et al.l 12009 ). This finding 
is consistent with the analysis by (jMadore &: Freedman Il2009l ) who show that a color tilt in the 
monochromatic P — L slope due to metallicity is diminished in the P — w due to dereddening. 



We find no evidence that the slope is steeper than the LMC slope, as ours is consistent with 
the LMC thoug h la to 2a shallower. T he mean slope is significantly lower and inconsistent with 
the results from iTammann et al.l (|2003l ). (Even the poorly determined mean slope of the 3 hosts 
observed with WFPC2 yield -3.26 ±0.22 which is > 2 a shallower than the Tammann et al. slope). 
We discuss likely origins of this difference in §5. 



Table 13: Cepheid P — w slopes 



Host 


slope (mag) 


17 


NGC 3370 


-2.94 


0.14 


NGC 1309 


-2.82 


0.21 


NGC 3021 


-2.60 


0.24 


NGC 3982 


-3.15 


0.42 


NGC 4639 


-3.07 


0.55 


NGC 4536 


-3.38 


0.30 


NGC 4258i 


-3.05 


0.10 
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4. Light Curves of SN 1995al and SN 2002fk 



Use of the Cepheid data in the previous sections and the flux-calibrated light curves of the 
new SNe presented in this section provide the means to determine their luminosity. 

Both SN 1995al (NGC 3021) and SN 2002fk (NGC 1309) were spectroscopically normal SNe la 
(Wei et al. 1995; Ayani & Yamaoka 2002). 

SN 2002fk was extensively monitored by the 0.76 m Katzman Automatic Imaging Telescope 
(KAIT; lLi et alj|200d : iFilippenko et al.ll200ll ) commencing 13 d before £>-band maximum. The SN 
photometry was measured with the benefit of galaxy subtraction and PSF fitting relative to stars 
in the field of the SN. These field stars were later calibrated on five photometric nights with KAIT 
and the Nickel 1 m telescope at the Lick Observatory using Landolt (1992) standards. 

The mean magnitudes of the field stars are given in Table 14 and their positions are shown in 
Figure 13. The light curves of the SN are shown in Figure 14 compared to their model fits using the 
MLCS2k2 (|Jha et al.ll2007l ) algorithm. The fits are consistent with those obtained for well-observed 
SNe la and are sufficient to constrain the relative dista nce modulus to a precision of 0.068 mag or 
0.105 mag, with the intrinsic contribution of 0.08 mag (jJha et al.l 120071 ) added in quadrature. 



For SN 1995al, photometric monitoring was conducted starting 5 d before .B-band maximum 
with the FLWO 1.2 m telescope equipped with a thick, front-illuminated Loral CCD ("Andycam") 
an d a set of Johnson UBV and Kron-Cousins RI filters. The observations were initially presented 
bv lRiess et al.l (j 19991 ) as a member of a set of 22 SNe la and we direct the reader there for additional 
details. The photometry presented by Riess et al. lacked the benefit of galaxy template subtraction 
and multiple zeropoint calibrations. These steps can improve the precision of SN la photometry 
and a reanalysis is warranted for including this SN in the small calibration set. We have now 
undertak en the galaxy s ubtraction and obtained zeropoint calibrations on 5 independent nights 
using the lLandoltl (|l992l ) standard stars for the fundamental calibration. 



The mean magnitudes of the field stars are given in Table 15 and their positions are shown 
in Figure 13. The photometric differences with the version from iRiess et al.l (|1999l ) are a few 
hundredths of a magnitude in all bands except I, which differed in the mean by 0.1 mag. The 
light curves of t he SNe are shown in Figure 14 compared to their model fits using the MLCS2k2 
(|Jha et alJl2007l ) algorithm. 



Photometry of the two SNe is given in Tables 16 and 17 and their photometric parameters in 
Table 18. 

It is important to insure that the photometry of the other 4 SNe la in Table 2 is also reliable. 
For SN 1990N, Lira et al. (1999) undertook a comprehensive recalibration of SN 1990N. SN 1994ae 
was recalibrated using galaxy subtraction in Riess et al. (2005) which also contained the calibration 
of SN 1998aq using the same techniques. 



We have also verified the photometric calibration of SN 1981B presented by iButa Turner 
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Table 14. Comparison Stars for SN 2002fk 



Star U 


N 


B 


N 


V 


N 


R 


N 




N 


1 — 





16.255(0.007) 


5 


15.748(0.013) 


5 


15.441(0.006) 


3 


15.034(0.010) 


3 


2 





16.415(0.006) 


5 


15.784(0.012) 


3 


15.405(0.015) 


3 


15.002(0.002) 


2 


3 





16.331(0.009) 


5 


15.787(0.007) 


5 


15.444(0.012) 


4 


15.047(0.015) 


4 


4 — 





17.513(0.010) 


3 


16.954(0.012) 


5 


16.611(0.014) 


2 


16.176(0.009) 


2 



Table 15. Comparison Stars for SN 1995al 



Star 


U 


N 


B 


N 


V 


N 


i? 


N 


J 


N 





15.078(0.019) 


3 


14.619(0.004) 


4 


13.795(0.004) 


4 


13.307(0.004) 


3 


12.836(0.008) 


3 


1 


19.027(0.079) 


2 


18.050(0.051) 


2 


16.865(0.007) 


2 


16.067(0.002) 


2 


15.350(0.011) 


2 


2 


13.633(0.021) 


2 


13.686(0.009) 


2 


13.246(0.015) 


2 


12.977(0.013) 


2 


12.692(0.004) 


2 


3 


14.586(0.025) 


3 


14.628(0.006) 


3 


14.132(0.008) 


3 


13.842(0.008) 


3 


13.551(0.009) 


3 


4 


15.390(0.018) 


3 


14.870(0.002) 


4 


14.050(0.006) 


4 


13.620(0.005) 


3 


13.244(0.006) 


3 


5 


16.536(0.012) 


3 


16.744(0.002) 


4 


16.322(0.007) 


4 


16.042(0.009) 


4 


15.737(0.012) 


4 


6 


18.499(0.007) 


2 


17.451(0.013) 


4 


16.425(0.005) 


4 


15.822(0.012) 


4 


15.326(0.014) 


4 


7 


16.894(0.027) 


2 


16.667(0.004) 


4 


15.990(0.004) 


4 


15.609(0.008) 


4 


15.250(0.010) 


4 


8 


17.893(0.012) 


3 


17.538(0.006) 


4 


16.757(0.006) 


4 


16.295(0.009) 


4 


15.881(0.017) 


4 


9 


17.558(0.019) 


2 


16.878(0.009) 


4 


15.967(0.011) 


4 


15.429(0.011) 


4 


14.928(0.015) 


4 


10 


99.999(9.999) 





17.371(0.015) 


4 


15.879(0.003) 


4 


14.820(0.005) 


3 


13.629(0.016) 


3 


11 


15.432(0.021) 


3 


15.291(0.009) 


4 


14.654(0.006) 


4 


14.296(0.005) 


4 


13.951(0.009) 


4 


12 


17.086(0.006) 


3 


16.860(0.012) 


4 


16.132(0.015) 


4 


15.693(0.013) 


4 


15.318(0.008) 


4 



Table 16. Photometry of SN 2002fk 
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(|1983l ). For the Buta & Turner stars A, B, and C, we found respective differences in the B- 
band of 0.02, -0.01, and 0.02 mag (an average of 0.01 mag), where a positive difference indicates 
our photometry is brighter. For the V band we found differences of 0.01, 0.00, and 0.00 mag, 
respectively. 



Discussion 



In a companion paper (jRiess et al.l 120091 ) . we present IR measurements from NICMOS on 
HST of the Cepheids analyzed here. Although the new, optical photometry of SNe la and Cepheids 
presented here already addresses some of the largest sources of systematic error in the determination 
of the Hubble constant, the remaining errors are further reduced from observations of these Cepheids 
at longer wavelengths. 

One of the biggest of these remaining uncertainties results from the corrections applied for 
Cepheid reddening. Systematic errors in the apparent color excess arise from differences in the 
photometric system used to measure Cepheid colors in the SN hosts and the anchor galaxy or from 
intrinsic differences in color resulting from those in metallicity. Errors in the optical color excess are 
further amplified by use of a V — I reddening ratio, R = ^ T ~ 2.5. Another source of error arises 
from differences in the value of R from host to host or sight line to sight line for which Galactic 
variations in R are ~ 0.2 (Valencic, Clayton and Gordon 2004). Reobserving the Cepheids with a 
single instrument (to negate photometric system differences) and at redder wavelengths (reducing 
the scale of R and its variations) would mitigate these uncertainties. We therefore defer our full 
analysis of the Hubble constant resulting from the data presented here to Riess et al. (2009), where 
we present the long-wavelength observations from NICMOS. 

However, we note here that the two new SNe la, SN 1995al and SN 2002fk, and the Cepheids 
in their hosts yield estimates of the SN la luminosity (corrected to the fiducial of the luminosity- 
light curve shape relation) which are quite consistent with the other SNe in Table 2. Due to the 
relationship between luminosity and light curve shape, the value of the fiducial luminosity depends 
on which light curve shape within a family of light curves is chosen to be the fiducial . Based 
on the maser distance to NGC 4258 and its Cepheids, Riess et al. (2009) find for the MLCS2k2 
light curve family (Jha, Riess, Kirshner 2005) the fiducial, dereddened absolute magnitude, My 
(defined at the time of B max) of SN 1995al and SN 2002fk is -18.99 ± 0.14 and -19.16 ± 0.12 
mag, respectively, in good agreement with the average of —19.05 ± 0.07 mag for the mean of the 
previous four (also from Riess et al. 2009). Thus the average for all 6 is My = —19.06 ± 0.05. 

From our analysis it appears that the slopes for P-L and P — w derived by Tammann et al. 
(2003) from Galactic Cepheids are inaccurate. Even limiting the analysis of the Tammann et al. 
Cepheids to the 27 with P > 10 d, in order to remove more rapid ones not represented in our 
sample, we find a slope of —4.37 ± 0.18. The Galactic Cepheids have the same metallicity as those 
presented here yet the Tammann et al. slope is 7<r greater than the mean of —2.98 ± 0.07 for the 7 
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Table 17. Photometry of SN 1995al 
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Table 18. Table 18: SN Observables' 



SN 


fmax (mag) 


-Bmax (mag) 


V max (mag) 


■Rmax (mag) 


/max (mag) 


Amis(B) 


SN 2002fk 




13.32(0.02) 


13.38(0.02) 


13.39(0.03) 


13.50(0.04) 


1.08(0.03) 


SN 1995al 


13.01(0.05) 


13.31(0.02) 


13.27(0.02) 


13.23(0.02) 


13.62(0.03) 


1.00(0.05) 



a The uncertainty is given in parentheses. 
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hosts in Table 13. While one might invoke an unusual helium abundance as a possible explanation 
for the conflict with a single host (e.g., for NGC 4258 when Macri et al. 2006 showed the same 
discrepancy), this would be unlikely to explain why each of the 7 hosts in Table 13 are inconsistent 
with the Tammann et al. slope for P > 10 d Cepheids. 

We note that it is far more difficult to reliably measure the P — w (or P-L ) slope of Galactic 
Cepheids (from our vantage point within the Galaxy) than for extragalactic Cepheids. While 
Cepheids in an external host can be treated as coincident in distance, the estimate of the Galactic 
Cepheid slope suffers from the need for many individual, accurate distances. The cluster-based 
distances used for the longest period Galactic Cepheids are not very reliable as they frequently 
utilize tenuous stellar associations rather than cluster membership. In addition, past distance 
estimates to Galactic Cepheids using the Baade-Becker-Wess elink method did not consider a period 



2007) 



dependence of the projection factor which may be significant ( Gieren et alJl2005l : lFouque et al 
and could lead to an inaccurate slope. 

Geometric distance measurements via parallax are the "gold standard" for estimating distances. 
They are much more robu st than the preyious methods. The direct parallaxes of 10 Galactic 



Cepheids were measured by Benedict et al.l (|2007l ) using the Fine Guidance Sensor on HST. These 



10 Cepheids alone or com bined with Hipparcos parallaxes yield a P — w slope of —3.29 ± 0.15 



(jvan Leeuwen et al.l 120071 ) . consistent with the SN hosts (-2.98 ± 0.07) and the LMC (-3.2 to 



-3.3). 

The mean extinction of the Tammann et al Galactic Cepheids is high, with a mean of 1.8 visual 
magnitudes, and is even higher for the longest period Cepheids. A possible error in the assumed 
value of the reddening parameter (e.g., or 0.5) for these Cepheids would bias the pulsation 
relations by 0.3 mag if each had the same extinction. Thus, without more precise knowledge of 
this ratio of optical absorption to reddening, it does not seem possible to use the Galactic Cepheids 
with high extinction to determine Hq to better than ~ 15%. Because younger and higher mass 
Cepheids have more than the average extinction, the slope of the inferred Galactic P-L can also 
be biased by an error in R. The mean of the Benedict et al Cepheids is a more modest 0.36 visual 
magnitudes which also adds to their reliability. 

The Galact i c mea surement at the long-period end also suffers from limited statistics. The 



Tammann et al .1 (J2003J) sample has a mean period of 12 d with only 7 Cepheids at P > 30 d 
and only 1 at P > 50 d. In our SN hosts, over 200 Cepheids (more than half of the sample) 
have P > 30 d. A Galactic sample of just 7 Cepheids at this range and with the aforementioned 
concerns would appear insufficient, even if their luminosities were accurate, to support a very precise 
measurement of the Hubble constant. However, the product of the 0.5 mag steeper slope from that 
of the Benedict et al sample or the SN host sample and difference in the mean period between the 
Galactic and SN host samples of AlogP = 0.4 — 0.5 causes a decrease in Hq of 10%-12% in Sandage 
et al. 



Comparing results for the sum of the standardized peak magnitudes of nearby SNe la and the 
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Hubble diagram intercept, j+5a„, a quantity which is invariant to the method of standardization, 
the difference of the weighted mean for the four (out of six) SNe la (SN 1981B, SN 1990N, SN 
1994ae, and SN 1998 aq) that are in commo n with lSandage et al.l (|2006l ) is 0.02 ±0.04 mag, showing 
excellent agreement. ISandage et al.l (|2006l ) also use SNe la data obtained from the photographic 
era (SN 1937C, 1960F, and 1974G) which R05 do not. There are clear reasons for not using the 
photographic data: they are not measured in the same way as for the Hubble- flow set, they have 
been shown to be unreliable, and they disagree with modern data (jRiess et al.ll2005l ). Even within 
the Sandage et al. analysis, the the absolute magnitude inferred from the photographic subset 
(—19.68 ± 0.10) differs from the modern set (—19.42 ± 0.05) by 2.6a, making the average brighter 
by 0.05 mag and decreasing Hq by 2.5%. 

Little of the dif ference in Hq results from the determination of the absolute distance scale. 
Sandage et al.1 (|2006l ) use an LMC distance modulus fiQ = 18.54 m ag as one route to their value. The 



impli ed LMC distance based on NGC 4258 and Galactic Cepheids (M acri et al 
20071 ) is fio ~ 18.42 mag, and Freedman et al. (2001) and iRiess et al 
18.50 mag. 



Benedict et al 



2006; 
((2005|) adopted 



6. Summary and Conclusions 



(1) Using ACS we have observed a total of 237 Cepheids (216 with P > 20 d) in three recent 
SN la hosts: NGC 1309 (SN 2002fk), NGC 3021 (SN 1995al), and NGC 3370 (SN 1994ae). We 
also present the multi-band light curves of SN 1995al and SN 2002fk. 

(2) We reobserved the hosts of 6 reliable SNe la and the "maser galaxy" NGC 4258 in HST 
Cycle 15 (following the initial contiguous cycle of HST discovery observations) to identify longer 
period Cepheids. We found 57 with 60 < P < 100 d and 29 with 75 < P < 100 d which can aid in 
extending Cepheid measurements to greater distances. 

(3) We have measured the metallicity parameter, 12 + log[0/H], in H II regions to infer the 
metallicity of the Cepheid sample. We find the values for the Cepheids in the SN hosts and the 
inner region of NGC 4258 to be very homogeneous, all consistent with the solar value of 8.9. 

(4) Based on 445 Cepheids across 7 hosts of solar metallicity we find the mean slope of the 
P — w relation using U-band and /-band measurements, the most commonly used for distance- 
scale work, to be —2.98 ± 0.07. The 7 individual slopes are all consistent with the mean. The 
observed slope is fairly consistent with the slope of LMC Cepheids and consistent with the slope 
from Galactic Cepheid parallax dista nces. It is inconsistent with the slope of Galactic Cepheid 
distances from lTammann et al.l (120031 ) using Baade-Becker-Wesselink and cl uster distances . Using 
the slope derived he r e incr eases the value of Hq from that measured by I Sandage et al.1 (|2006l ) 
and 



Tammann et al 



Freedman et al 



(|2008l ) by ~ 15% and constitutes the bulk of the difference in Hq with 



(|200ll ) and IRiess et al.l (|2005l ) . A companion paper (jRiess et al.l l2009i ) provides 



the addition of -ff-band measurements of the Cepheids in the 7 hosts and takes advantage of the 
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full reduction in systematic errors afforded by our refurbished distance ladder to provide a new 
determination of Hq. 
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Figure Captions 

Figure 1: Image of a 2' x 2' region of the field of NGC 1309 from ACS WFC F555W. North 
is up and east to the left. The locations of the Cepheids identified are indicated by circles. 

Figure 2: Same as Figure 1 but for NGC 3021. 

Figure 3: F555W and F814W light curves of Cepheids in NGC 3021. For each of the Cepheid 
candidates listed by identification number in Table 8, the photometry is fit to the period-specific 
light-curve template. 

Figure 4: Same as Figure 3 for NGC 1309 (see Table 7). 

Figure 5: y-band, /-band, and Wesenheit dereddened [V — 2A5(V — I)] P-L relations for 
Cepheids identified in NGC 1309. The P-L relation shown is from the LMC and is only fit to 
the filled symbols (see Figure 12 for a slope fit to the individual relations). An approximate 
instability-strip width of 0.35 mag is also given for comparison. Open symbols indicate short- 
period Cepheids in the period range which appears to suffer an incompleteness bias (preferentially 
bright or significantly blended with a blue source). 

Figure 6: Same as Figure 5 but for NGC 3021. 

Figure 7: Same as Figure 5 but for NGC 3370. 

Figure 8: Dereddened distance modulus from the P — w relation as a function of the period 
cutoff. Although there is some evidence of an incompleteness bias at the short-period end of the V- 
band and /-band P-L relations, there is no significant change in the dereddened distance modulus 
with period cutoff. 

Figure 9: Composite F-band Cepheid light curves. For the Cepheids with P > 10 d in each 
host, the fitted mean magnitude was subtracted from the observations which were then plotted 
as a function of their phase, as inferred from the fitted period. As seen and shown in Table 11, 
for each host the mean half-amplitude is consistent with 0.48 mag. This consistency indicates a 
lack of significant variation in blending from host to host and also provides a more direct probe of 
metallicity which can cause amplitude differences in the mean. 

Figure 10: Composite F-band Cepheid light curves of the longer period Cepheids, P > 60 d, 
whose discovery was enabled by reobservations of each host HST cycles subsequent to the discovery 
cycle. Although Cepheids at P > 60 d have reduced amplitudes, they exhibit the characteristic 
sawtooth light curve of a classical Cepheid and serve to extend the use of the P-L to greater 
distances. 

Figure 11: Radial gradients of the oxygen-to- hydrogen ratios [O/H] of H II regions in the 
Cepheid hosts. Following the method of Zaritsky et al. (1994), emission-line intensity ratios of 
[O II] AA3726, 3729, [O III] AA4959, 5007, and H/3 were used to derive values of 12 + log[0/H] for 
H II regions. The fitted linear gradient was used to determine the value of the metallicity correction 
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at the individual radii of the observed Cepheids. The variance in the data is dominated by spatial 
variations, not measurement errors. 

Figure 12: The measured slopes of the dereddened (Wesenheit) P — w relations as a function 
of the mean metallicity parameter. The 7 hosts in Table 2 (including the inner region of NGC 
4258) have solar-like metallicities and slopes which are mutually consistent with their mean of 
—2.98 ± 0.07. This mean is consistent with the slope inferred from parallax distances to Galactic 
Cepheids (Leeuwen et al. 2007) indicated by the X, in good agreement with the LMC slope (square) 
and inconsistent with the Galactic slope (diamond) inferred from non-geometric distance measures 
(Tammann et al. 2003). 

Figure 13: Ground-based comparison stars in the field of NGC 1309 (SN 2002fk; left) and 
NGC 3021 (SN 1995al; right) used to calibrate the light curves of the respective SNe la. 

Figure 14: MLCS2k2 fits to the multi-band data for SN 1995al and SN 2002fk. 
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